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Notice to all Active Members 
| of Member Associations 
& 


Your prompt payment of 1952 dues 
will avoid interruption in receipt of 
SEWAGE AND INDUSTRIAL WASTES 
as well as other Federation services. 
Undue delay may make it impossible for 
a complete volume of the JOURNAL te 
be furnished. 


Please remit immediately upon re- 
ceipt of the first dues notice from your 


Member Association Secretary. 


& 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 

325 Hlinois Champaign, Ill. 
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SEWAGE AND INDUSTRIAL WASTES 


17 YEARS 
OF PROVED 
PERFORMANCE 


Engineers designing a sewage treatment plant for 
a small community, industrial plant, or institution 
are assured the best performance at lowest cost with 
the Chicago “Pakage” Plant. The equipment is spe- 
cifically engineered to provide the benefits of acti- 
vated sludge sewage treatment to plants with design 
flows of .5 MGD or less. Since 1934, 250 Chicago 
“Pakage” Plants have been installed. All have ex- 
cellent records for performance. None have failed. 


Chicago “Pakage” Plants require a minimum of 
operating supervision, produce a sparkling clear ef- 
fluent; they are free from flies, foul odors, and 
unsightly appearance. They can be located near 
dwellings. 


Initial cost is low. Operating costs are nominal. 
e@ FOR INDUSTRIAL PLANTS 
Aeration and clarification are performed in a Goodyear Tire & Rubber Co., Topeka, Kan. 


single tank with positive, automatic sludge control. 
One sludge setting covers a wide range of sewage 
flows and strengths. 


Ingenious automatic features of Chicago “Pakage” 
Plants simplify operation and assure successful per- 
formance. Former farmers, salesmen, coal-miners 
and truck-drivers—without previous experience— 
are operating existing plants. Operator training ser- 
vice by Chicago Operating Sanitary Engineers is 
provided with each plant if desired. e@ FOR INSTITUTIONS 


Soldiers’ & Sailors’ Orphans’ Home 
Specify Chicago “Pakage” Plants, proved by 17 ’ Knightstown, ind. 


years of successful performance. 


Write for complete literature. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 


Flush Kleen, Scru-Peller, Plunger. Swing Diffusers. Stationary Diffusers, 


Horizontal and Vertical Non-Clogs Mi Mechanical Aerators, Combination 
Water Seal Pumping Units. Samplers, Clarifi 4 
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ment of such works 
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SEWAGE AND INDUSTRIAL WASTES 


Kennison Nozzle with 
Chronoflo Telemeter 


Here’s the right combination for metering open flow. With Builders 
Kennison Nozzle, you’re sure of accurate flow measurement at both low 
and high flow rates—with liquids like sewage and trade waste containing 
suspended solids and debris. Builders Chronoflo Telemeter brings the 
flow facts to your fingertips — to your central operating room. It makes 
no difference how far the Kennison Nozzle is from the Chronoflo 
Telemeter. This Builders combination provides efficient, convenient 
metering for better plant management. For Bulletins and complete in- 
formation, address Builders-Providence, Inc. (Division of Builders Iron 
Foundry), 368 Harris Ave., Providence 1, R. |. 


BUILDERS PRODUCTS 


The Venturi Meter * Propeloflo 
and Orifice Meters * Kennison 
Nozzles * Venturi Filter Con- 
trollers and Gauges * Conveyoflo 
Meters * Type M and Flo-Watch 
Instruments * Wheeler Filter 
Bottoms * Master Controllers ¢ 
Chlorinizers — Chlorine Gas 
Feeders * Filter Operating Tables 
* Manometers * Chronoflo 
Telemeters 


BUILDERS-PROVIDENCE [ eauotas | 
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du SEWAGE AND INDUS 


STRIAL WASTES 


FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.* 
O. Taytor, Secretary 


Box 69 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.* 
Harry S. Jorpan, Sec.-Treas. 
c/o Sanitary Engineering Div. 
Arizona State Dept. of Health 
Capitol Building 
Phoenix, Ariz 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Treas. 
c/o Southern State College 
Magnolia, Ark 
California Sewage Works Assn. 
Sam A. Weep, Sec.-Treas. 
Room 315, City Hall 
Oakland 18, Calif. 
Canadian Institute on Sewage and Sanitation 


Dr. A. E. Berry, Sec.-Treas 
Ontario Dept. of Health 
Parliament Bldgs 

Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
c/o Illinois Sanitary Water Board 
Springfield, Ill 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svore, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak. 


South Dakota Section*® 
E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineering 
State Board of Health 
Pierre, S. 


Federal Sewage Assn. 
Leonarp B. Dworsky, Sec.-Treas. 
. of | td Pollution Control 


Washington’ D. C. 
Florida Sewage and Industrial Wastes Assn. 
Perry M. Teepre, Sec.-Treas. 
Florida State Board of Health 
P. O. Box 210 
Jacksonville, Fla. 


Georgia Water and Sewage Assen.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


German Sewage Technologists Association 
WitHetm Buckstesc, Sec.-Treas. 
Schliessfach 1112 
Rubrverband, Essen, Germany 


institute of Sewage Purification 
Martin Lovett, FSIWA Contact Member 
206 Bradford Rd. 
Wakefield, Yorks., England 


Institution of Sanitary Engineers 
Ernest Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1 
London, England 


lowa Sewage Works Assn. 
Leo HoLtTKAmP, Sec.-Treas 
P. O. Box 310 
Webster City, Iowa 


Kansas Sewage Works Assen. 
Dwicur F. Merzzer, Sec.-Treas 
c/o State Board of Health 
Marvin Hall 
University of Kansas 
Lawrence, Kans. 


Kentucky-Tennessee Industrial 
Sewage Works Assn. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N. 
Nashville 3, Tenn. 


Louisiana Conference on Water Supply and 
Sewerage ° 

Grorce L. West, Sec.-Treas 

Water Dept. 

Lake Charles, La. 


Wastes and 


* Sewage Works Section 


| 


Mary land-Delaware 
Asen,.* 
M. Brnotey, Sec.-Treas. 
2411 N. Charles St. 
Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assn. 
D. M. Pierce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334 Administration Bldg. 
Lansing 4, Michigan 
Missourl Water and Sewerage Corf.* 
Warren Kramer, Sec.-Treas. 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Assn. 
H. B. Foote, Sec.-Treas 
Div. of Sanitary Engineering 
State Board of Health 
Helena Montana 
England Sewage and 
Assn. 
Water E. Merritt, Sec.-Treas 
c/o State Dept. of Health 
511-A State House 
Boston, Mass. 
New Jersey Sewage and Industrial 
Assn, 
Micuaet S. Kacuorsxy, Sec.-Treas. 
P. O. Box 766 
Manville, N. J. 
New York Sewage and Industrial Wastes Assn. 
C. Sweeney, Secretary 
c/e State Dept. of Health 
21 N. Broadway 
White Plains, N. Y. 
North Carolina Sewage and Industrial Wastes 
Aran. 
E. C. Hupparp, Sec.-Treas 
North Carolina State Board of Health 
Raleigh, 
Ohlo Sewage and Industrial 
ment Conf. 
J. E. Ricwarps, Acting Sec.-Treas. 
301 Ohio Depts. Bldg. 
Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Waste 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health 
Oklaboma City 5, Okla. 
Pacific Northwest Sewage 
Wastes Assn. 
Ropert O. Sytvester, Sec.-Treas. 
Civil Engineering Dept. 
More Hall 
University of Washington 
Seattle 5, Wash. 
Pennsylvania Sewage and Industrial 
sen. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center 
Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 


Water and Sewerage 


Industrial Wastes 


Wastes 


Wastes Treat- 


and Industrial 


Wastes 


AtvaH R. Pierce, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832 


San Juan 12, Puerto Rico 
— Mountain Sewage Works Assn. 
=. Harness, Sec.-Treas. 
r2 City and County Bldg. 
Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Treas. 
Wade Hampton Bldg. 
Columbia, 
Swiss Assn. 
sionals 
Water Darpet, FSIWA Contact Member 
Aarberg (Berne), Switz. 
Texas Water and Sewage Works Assn.* 
V. M. Enters, Sec.-Treas. 
501 W. 33rd St. 
Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Ansan. 
G R_Tatcort, Sec.-Treas. 
415 W. Franklin St. 
Richmond 20, Va. 
West Virginia Sewage and Industrial Wastes 
sen. 
O. Fortney, Acting Sec.-Treas. 
State Dept. of Health 
Charleston, W. Va 


of Water and Sewage Profes- 
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SEWAGE AND INDUSTRIAL WASTES 5a 


1 DO YOU NEED 
A VENTURI METER 


Simplex Type H 
Venturi Meter 


When used with the proper kind of Venturi Tube, 
the Type H Meter measures sewage, sludge, and 
trade wastes as accurately as clear liquids. 

This type of meter is designed to operate under 
two maximum differential pressure heads. The 
first, 114.4” of water, permits measurement over 
a 13 to 1 range while the second, 64.5” of water, 
provides for a 10 to 1 measuring range. Standard 
meter design includes indicating, recording and 
totalizing mechanisms. 

Versatility of installation and adaptability to 

o varying flow rates make the Type H Venturi 
Meter ideal for accurate, long-range measurement. 
Write for Bulletin No. 401 to Simplex Valve & Meter 
Company, Dept. 1,6719 Upland Street, Phila. 42, Pa. 


ER 


AND M™ 


— 
Rita. 
3 
ol 
— 
¥ 
| 
| 
4 
a 
i 
| — 
= 
Sap 
COMPANY 


Association 


New York Sewage and 
Industrial Wastes Association 


Texas Water and Sewage Works 
Association 

New Jersey Sewage and Industrial 
Wastes Association 


Louisiana Conference on Water 
Supply and Sewerage 


Arizona Sewage and Water Works 
Association 


Arkansas Water and Sewage 
Conference 


Montana Sewage and Industrial 
Wastes Association 


South Carolina Water and Sewage 
Works Association 


Maryland-Delaware Water and 
Sewerage Association 


Virginia Industrial Wastes and 
Sewage Works Association 


Michigan Sewage and Industrial 
Wastes Association 


Ohio Sewage and Industrial Wastes 
Treatment Conference 


Alabama Water and Sewage Assoc. 


Central States Sewage and Ind. 
Wastes Assn. 


Pennsylvania Sewage and Ind. 
Wastes Association 


lowa Sewage Works Association 


Rocky Mt. Sewage Works Assn. 


Kentucky-Tennessee Industrial 
Wastes and Sewage Works Assn. 


SEWAGE AND INDUSTRIAL WASTES 


MEMBER ASSOCIATION MEETINGS 


Place 


Hotel Statler, 

New York, N. Y. 
Texas A. & M., 
College Station, 
Texas 

Hotel Traymore, 
Atlantie City, N. J. 
La. State University, 
Baton Rouge, La. 


Maricopa Inn, 
Mesa, Ariz. 


Engineering Building, 


University of 
Arkansas, 
Fayetteville, Ark. 
Northern Hotel, 
Billings, Mont. 


Clemson College, 
Spartansburg, S. C. 


Wardman Park Hotel, 


Washington, D. C. 


Hotel Roanoke, 
Roanoke, Va. 


Park Place Hotel, 
Traverse City, Mich. 


Commodore-Perry 
Hotel, 
Toledo, Ohio 


Pitts Hotel, 
Auburn, Ala. 


Loraine Hotel, 
Madison, Wise. 


Pennsylvania State 
College, 
State College, Pa. 
Grinnell College, 
Grinnell, Iowa 
Frontier Hotel, 
Cheyenne, Wyo. 
Andrew Johnson 
Hotel, 
Knoxville, Tenn. 


Time 


Jan. 17-18, 1952 


March 9-13, 1952 


March 12-14, 1952 
March 19-21, 1952 
April 3-5, 1952 


April 7-9, 1952 


April 10, 1952 

April 10-12, 1952 
April 17-18, 1952 
May 12-13, 1952 
May 19-21, 1952 
May 21-23, 1952 
June 4—6, 1952 

June 25-27, 1952 


Aug. 27-29, 1952 


Sept. 9-11, 1952 


South Dakota Water and Sewage 
Works Conference 


Marvin-Hughitt Hotel, 
Huron, So. Dakota 


Sept. 17-19, 1952 


SILVER ANNIVERSARY MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
New York Sewage and Industrial Wastes Association 
Hotel Statler, New York City 
October 6-9, 1952 
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SEWAGE AND INDUSTRIAL WASTES 7a 


Good reasons why they are your best buy 
FOR EVERY MUNICIPAL INSTALLATION 


SHONE’ PNEUMATIC EJECTORS 


FOR HANDLING CRUDE SEWAGE AND SLUDGE IN SEWAGE LIFT 


STATIONS @ IN SUBWAYS ¢ IN MUNICIPAL SEWAGE PLANTS 


These far-sighted communities wanted 
the best, chose Shone Ejectors for recent 
installations: 

Daytona Beach, Fla. (6) 

Los Angeles, Calif., Hyperion Treatment Plant (2) 
Campus, University of Washington, Seattle (2) 
Chicago, Ill., West Side Subway Extension (22) 
Osceola, Iowa 

Mt. Clemens, Mich. 

Freeport, L. 1., New York (6) 

Port Washington, L. 1., New York (2) 
Moorehead, Minn., Treatment Plant (6 
Anacostia Treatment Plant, Washington, D. C. 


A few of hundreds of older Shones operat- 
ing as efficiently and dependably as ever: 


Long Beach, Calif. 


Winona, Minn. 


Ft. Lauderdale, Fla. Brookhaven, Miss 
Pensacola, Fla. Butler, Mo. 
Silver Springs, Fla. Rolla, Mo. 
Dublin, Ga. Bloomfield, Nebr. 
LaPorte, Ind. Manchester, N. H 
Warsaw, Ind. Auburn, N. Y. 
Cedar Rapids, Ia. Olean, N. Y. 
Davenport, Ia. Rochester, N. Y 
Sioux City, Ia. Berea, O. 

Hays, Kans. Dayton, 0. 
Salina, Kans. Enid, Okla. 
Winnsboro, La. Tulsa, Okla. 
Aberdeen, Md. Providence, R. 1. 
Baltimore, Md. Memphis, Tenn. 
Brighton, Mich. Austin, Tex. 
Detroit, Mich. Dallas, Tex. 
Flint, Mich. Madison, Wis. 
Pontiac, Mich. Milwaukee, Wis. 
Royal Oak, Mich. Neenah, Wis. 
Tawas City, Mich. Laramie, Wyo. 


Faribault, Minn 


Vv no wet well 
¥ no noxious fumes or odors 
Vv no danger of explosion 


¥ no screens or shredders -- 
no repulsive cleaning job 


For 75 years, in hundreds of municipal 
installations around the world, Shone 
Pneumatic Ejectors have been a sym- 
bol of utter dependability. 


You may have heard the amazing story of the Shone 
Ejector sealed in its pit for more than 20 years— 
never inspected because it was not listed among 
mechanical equipment; rediscovered when alteration 
work opened the pit—operating as rhythmically and 
quietly as the day it was installed. 


MINIMUM MAINTENANCE 


Shone Ejectors require no attention. They can be 
operated from distant compressors—and several can 
be operated from a single compressor plant. 

Write for Bulletin 4000-C—contains Air Volume and 
Pressure Table, sizes, dimensions, air piping lay- 
outs and other comprehensive specifications. 

Use the coupon—for convenience. 


YEOMANS 


PUMPS FOR 
a complete line of and Waste Te 


YEOMANS BROTHERS COMPANY 
1411 North Dayton Street, Chicago 22, Illinois 
* 
Please send your Bulletin 4000-C 
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SEWAGE AND INDUSTRIAL WASTES 


PSIWA SPEGIAL PUBLICATIONS | 


ORDER FORM 


Federation of Sewage and Industrial Wastes Associations 
325 Illinois Building 
Champaign, Illinois 


Please send me the following publications, for which remittance is 


enclosed: 


copies * 


copies * 


. copies * 


copies * 


copies * 


. copies 
.. copies 


copies 


Name 


Address 


*Discount of 15% on orders for 12 or more copies. 


MANUALS OF PRACTICE 


MOP No. 1, “Occupational Hazards in the 
Operation of Sewage Works” (1944) 
Members 25 cents; non-members 50 cents 
MOP No. 2, “Utilization of Sewage Sludge 
as Fertilizer’ (1946) 

Members 75 cents; non-members $1.25 
MOP No. 3, “Municipal Sewer Ordinances” | 
(1949) | 
Members 50 cents; non-members $1.00 
MOP No. 4, “Chlorination of Sewage and 
Industrial Wastes” (1951) 

Members $1.00; non-members $1.25 


Ring Binders for numbered Manuals of 
Practice @ $2.00 


OTHER SPECIAL PUBLICATIONS | 


“Uniform System of Accounts for Sewer 
Utilities” (1949); mimeographed; @ $5.00 


““Glossary—Water and Sewage Control En- | 
gineering” (1949) @ $1.00 | 


Twenty-Year Index to SEWAGE WORKS 
JOURNAL (1928-48) @ $4.50 | 


Total remittance enclosed 


(Yes or No) 


(Member Association) 
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SEWAGE AND INDUSTRIAL WASTES 


This 30-inch diometer Armco Corrugated 
Metal Sewer was installed by o large 
southern city in 1925. After 26 years its 
flow capacity is still at full design value. 


* Will your sewers look like this 
AFTER 26 YEARS? 


What will happen to your sewers dur- 
ing their expected life? Will they con- 
tinue to meet your design specifications 
or be a source of future trouble and 
maintenance expense? You can predict 
the answer if you specify Armco Corru- 
gated Metal Sewers. 

Corrugated metal design assures 
ample strength to withstand the impact 
and vibration of heavy loads without 
crushing or cracking. Long lengths and 
tight joints, made with sturdy band 
couplers, prevent loss of alignment and 
disjointing even on unstable founda- 
tions. Flow capacity remains constant. 

Tight joints also guard against infil- 
tration of ground water that often taxes 


MORE SCRAP MEANS MORE STEEL 
N YOURS IN TODAY! 


sewer capacity and is a source of extra 
expense at treatment plants. 

And with Armco Sewer Structures 
there is material durability to economi- 
cally meet every condition. You can select 
the right type to exactly meet your 
sewer needs—plain galvanized for nor- 
mal service, ASBESTOS-BONDED for ex- 
tremely corrosive conditions and Paven- 
INVERT where erosion is a problem. 

Thus Armco Corrugated Metal sewer 
structures meet the three prime require- 
ments for dependable, long-lasting 
sewers — strength, durability and con- 
tinued efficiency. Write for more data. 
Armco Drainage & Metal Products, Inc., 
1062 Curtis Street, Middletown, Ohio. 


ARMCO 
SEWER PIPE 
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prevents 
wear on seats 


CHAPMAN 


Tilting - Dise 


Here's the check valve with the balanced disc which is cushioned #4 
to a quick and quiet closure by the flow of gases or fluids as you a 


can see in the cross-section at the right. 


This smooth action prevents undue wear on seats, hinge pins and 


bearings and on your maintenance budget! For there's no loosen- 


ing of lines by vibration, no opened joints or ruptured pipes. Cross-section of the Chapmae Tilting- 


Disc Check Valve illustrating the way 
that the balanced disc is supported on 
the pivot, with arrows showing the 
travel of the disc. A feature of the 
design is chat the disc seat lifts away 
from the body seat when opening, 
and drops into contact when closing, 
with no sliding or wearing of che seats. 


What's more, head losses are 65°; to 80°; less than conventional 
swing-type checks. Available in iron or steel in all standard pipe 
sizes. Get the complete story on this and other cost-cutting features 
of Chapman Tilting-Disc Check Valves, in the latest bulletin, 
No. 30. Send for your copy aow. 


THE CHAPMAN VALVE MFG. CO. 


INDIAN ORCHARD, MASSACHUSETTS 
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SEWAGE AND INDUSTRIAL WASTES lla 


General Electric offers latest electrical ideas to city 


officials, consultants, machinery manufacturers 


A modern sewage disposal plant requires the 


complete co-ordination of electrical, mechani- 
cal and architectural features by a sewage dis- 
posal specialist: the consulting engineer. To 
the consulting engineer, his clients, and the 
machinery builder, General Electric offers 
years of experience in the application of elec- 
tric equipment to sewage treatment. 


Call on G-E application and design engineers 
early in the planning stage. They will expertly 
select and integrate components to form a 
completely co-ordinated electrical system . . . 
the heart of every modern sewage treatment 
plant. Apparatus Department, General Electric 
Company, Schenectady 5, N. Y. 


EARLY PLANNING PAYS OFF 


MOTOR reliability is always of primary im- 
portance. G-E application engineers select 
motors with correct operating characteristics 
and structural features for each particular 
application. 


CONTROL, like the Cabinetrol* unit pictured 
above, is tailored to your specifications. Cabi- 
netrol is factory-assembled for complete co- 
ordination of control components, 


UNIT SUBSTATIONS combine ftransfi s 
and switchgear in one package. Both G-E 
load-center (under 600 volts output), and 
master unit substations, shown here, (over 
600) provide reliable power distribution. 


*Reg Trade-mark of General Electric Company 


GENERAL @ ELECTRIC 
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INERTOL PAINTS 


specified at modern Las Vegas plant 
by Engineer Ralph O'Neill 


Inerto!l Bituminous Grades 
CInertol Standard and Inertol 
Standard Thick ) protect sub- 
merged steel and concrete 
surfaces—speed up sewage 
flow—make cleaning casier. 


Glamortex alkyd resin 
enamels add a lasting, mar- 
resisting finish to piping, 
stairs, railings, machinery 
and non-submerged metal 
surtaces 


INERTOL coatings meet the most exacting requirements 
for modern sewage treatment plant 


@ Consulting Engineer Ralph O'Neill of | ing customer satisfaction. 

Glendale, California, specified durable Upon request, our Field Technicians 
Inertol coatings because they met his will be pleased to discuss the Inertol line 
rigid requirements for hardness, chemical with you—show you how Inertol coat- 
inertness, elasticity and beauty. Mr. ings have been used profitably in thou- 
O'Neill knew that each Inertol paint was sands of plants throughout the country. 
developed especially for sewage plant Or send today for our free ‘Painting 
application—sure to provide long-range Guide,"’ useful to Design Engineers, 
economy, quality performance and result- Plant Superintendents and Contractors. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 27 South Park, Department 2 
Newark 5, New Jersey ' San Francisco 7, California 
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Many sewage treatment services are 
particularly hard on valves. Corro- 
sive and abrasive substances quickly 
attack the seating areas of many 
types of ordinary valves. 

Sludge line service is typical 
the problems common in sewa 
treatment plant operation. It’s 
typical too, of the difficult sewage 
plant assignments Nordstrom valves 
are handling successfully. 

These three plants, like hundreds 
of others, have found that the 
straight-through ports of Nordstro 
valves, the unexposed seating sur: 
faces, the extra seal of especiall 
designed Nordstrom lubricants, th 
absence of pockets to collect heav 
line fluids and ease of operation a 
all times add together to make 
Nordstroms ideal for sewage service. 


Nordstrom valves 

on Ngw York 

Stoté plant's 
lines. 


Geor operated 
Nordstrom valves 
sewage ‘sledge 
lines in Ohio 


TYPICAL NORDSTROM SERVICES 
IN SEWAGE TREATMENT PLANTS 


Lateral Air Lines Water 


Sludge Lines Metering Lines 


Grit Chamber 
Drain Valves 


Pump Suction Filter Lines 
and Discharge 
Bucket Elevator 
Lines 


Digester Lines 


Sewage Gas 


Write for Bulletin No. 1031 describing 
Rockwell built Nordstrom valves, gas 
_ meters and water meters for sewage 
service. 


Rockwell Built 
Nordstrom Valves 


Lubricont Sealed to Keep Upkeep Down 


VALVE PROBLEMS 
Wrench opérated 
verticd] sludge 7 
lines. 
400 N. Lexington Ave., Pittsburgh 6, Pa. 
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Make Bar Screens Practically 


Schematic diagram 
shows how water 
level differential 
across screen is 
continuously 
measured by bubble 
tubes. Rotax 
Controller starts 
and stops screen 
motor as required. 


with Foxboro liquid level 
type screen control 


Make sure your channel can’t go “dry” when excessive refuse 
suddenly piles up on the bar screen! 

The Foxboro Bar Screen Control System automatically starts 
the rake motor whenever refuse accumulation causes the water 
level differential between opposite sides of the screen to exceed 
a certain preset value. Quickly, it purges the screen of refuse 
and restores intake level to normal — or sounds an alarm indi- 
cating that the cleaning mechanism is unable to cope with the 
difficulty. What's more, this action takes place only when the 
screen actually becomes clogged...no waste of power or 
unnecessary wear on mechanism through needless periodic 
operation. 

Easy to install and inexpensive to operate, the Foxboro Bar 
Screen Control System pays big dividends in better intake 
operation, less maintenance and greater peace of mind. Write 
for complete information. The Foxboro Co., 1621 Neponset 
Ave., Foxboro, Mass., U.S. A. 


REG. U.S. PAT. OFF. 


ROTAX Liquid Level Con- 
troller, the heart of the 
system. Translates level 
differential into operation 
of motors. In addition, it 
can operate warning horn 
or light in case of unusu- 
ally severe fouling. Cir- 
cular or rectangular case 
models. 
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inclined 
Sluice Gate 


™ EVERDUR 


In this design for 12 sluice gates 36 
in. x 36 in. to operate at a ——— 
angle from the vertical, Everdur® 
(AnaconpA Copper-Silicon Alloys) 
was chosen for ali the structural com- 
ponents, including gates, guides, stems 
and anchor bolts. While Everdur’s 
immunity to rust, resistance to cor- 
rosion and high structural strength 
are essential to any installation of 
this nature, they are of special signif- 
icance here in view of the higher 
inherent friction component. 

These 12 Everdur gates are a part 
of an installation of 57 for The Over- 
peck Valley Joint Sewage Works, 
Bergen County, N. J., Bergen County 
Sewer Authority. They were designed 
and built by The Coldwell-Wilcox 
Div. of Krajewski-Pesant Mfg. Corp. 
to plans and specifications of Bogert- 
Childs Engineering Associates of 
New York. 

Everdur has long demonstrated its 
ideal properties for waterworks, sew- 
age installations, and disposal of in- 
dustrial wastes. These strong, light- 
weight, easily welded alloys are 
widely used for such wrought as- 
semblies as screens, float chambers, 
weirs, troughs, manhole steps and 
similar equipment. For full details 
write to The American Brass Co., 
Waterbury 20, Conn. In Canada: 
Anaconda American Brass Ltd., New 
Toronto, Ont. sua 


where corrosion resistance counts— 
consider 


ANACONDA 


COPPER-SILICON ALLOYS 


Reg. U. Pat. Off, 
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when it’s pumps, 
think of Economy 


La The Mixed Flow Volute Pump illustrated is just one 
of the many types in the extensive line manufac- 
tured by Economy Pumps, Inc. Available in capa- 
cities to 80,000 G.P.M., it is designed for service 

4 where large volumes of liquids are to be handled. 


Maintenance expense is held to a minimum. Case 
records show Economy Pumps operating for fifteen \ 
to twenty years without replacement of major parts. 
However, should repairs be necessary, all parts are 


renewable. 

Catalog No. F-1049 gives complete 
@®>) design and construction details. 
Address Dept. for your copy. 


Centrifugal, Axial and Mixed Flow Pumps for all applications ©) 


Economy Pumps Inc, @ 


“ 


Sedgley Ave. at 19th and Lehigh, Philadelphia 32, Pa. 
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CLAY PIPE-ESSENTIAL + ECONOMICAL + EVERLASTING 


used in defense expansion 
at NORTH HAVEN, 
CONNECTICUT 


Wherever the nation’s defense program 
calls for expansion, Clay Pipe is in de- 
mand. Its protection is inherent in the 
pipe—can’t chip off, squash out, or wear 
away, because Clay is completely safe — 
inside and outside, top and bottom, 
through and through. Without it, essential 
construction would be slowed to a stand- 
still, and our cities would be ravaged by 
sickness. It’s the only chemically inert 
pipe unaffected by sewer gases—the only 
proved -by-performance pipe that can't 
wear out. Be sure to specify it on all 
your jobs. 


SEWAGE AND INDUSTRIAL WASTES 


Carloads of CLAY PIPE 


In the defense expansion program caused by 
the building of Pratt & Whitney's buge new 
aircraft engine plant, North Haven, Conn., 
over 15,000 feet of Vitrified Clay Pipe were 
installed. The new lines connect into the ex- 
panded municipal sewerage system, assuring 
corrosion-proof, never-wear-out service for this 
vital defense area. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


311 High Long Blidg., 5 E. Long St., Columbus 15, Ohio 
703 Ninth & Hill Bldg. Los Angeles 15, Calif. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Il. 

206 Connally Bldg., Atlanta 3, Ga. 


Wherever Reliable, Performance-Proved 


Rantoul, Ill. (Chanute Field) 

Orlando, Fla. (Air Force Base) 

Morrisville, Pa. (New Steel Defense Plant) 
Rapid City, S. D. (Air Base) 

Eynon, Pa. (Gun Fire Control Plant) 
Marion, N. C. (Municipal Expansion) 
Needles, Calif. (Essential Ore) 

Tucson, Ariz. (Air Base and Defense Plant) 


Needed, Specifications Call for Vitrified Clay 


Pipe Is 


158,000 fr. 
74,000 ft. 
300,000 ft. 
54,000 fr. 
120,000 ft. 
32,000 ft. 
87,000 ft. 
440,000 fr. 
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are treated right 
Portland! 


View of the Rex 


equipped primary tanks 


in the new Portland, 
Oregon, Sewage 
Treatment Plant 


Consulting Engineers: 


Stevens & Koon 


John W. 
Cunningham 
& Associates 


The engineers who designed the new 
Portland, Oregon, Sewage Treatment 
Plant—the largest in the Northwest 
(designed to handle 155 million gal- 
lons daily)—knew they must specify 
the finest equipment available— 
equipment that would assure low- 
cost, efficient operation for a project 
of this size. Naturally, they chose 
Rex®. 

Rex Sewage Treatment Equipment 
has, over the years, built a reputation 
of which engineers and municipal 
officials are becoming increasingly 
aware. This reputation—for quality 
equipment which gives years of serv- 
ice at the lowest possible operating 
and maintenance cost—is perhaps our 


CHAIN 


greatest asset. We mean to live up to 
it in the years ahead. 

Rex equipment installed at the 
Portland plant includes: 


2 type MAX Mechanically Cleaned 
Bar Screens 
2 No. 8F Triturators 
12 Longitudinal Conveyor Sludge 
Collectors 
4 Cross Conveyor Sludge Collectors 
12 Worm Gear-operated Roto-Skim 
Collecting Pipes 


For more information on this installa- 
tionand any Rex equipment, call your 
nearest Rex Field Sales Engineer or 
write to Chain Belt Company, 1606 
W. Bruce Street, Milwaukee 4, Wis. 


18a 
4 

| 

= 
a 
- 
| 
E AN ‘TiO: QUIPMENT 

Compan’ 


SEWAGE AND INDUSTRIAL WASTES 


Quick as changing a whee 


When a Mathews Hydrant is broken in a traffic 
accident, two men can put in a new barrel in a 
matter of minutes—without excavating. Speed of 
replacement is important when community 
safety is at stake. 


MATHEWS 


HYDRANTS 


Made by R. D. Wood Company Public Ledger Building, Inde- 
pendence Square, Philadelphia 5, Pa. © Manufacturers of 
"Sand-Spun” Pipe (centrifugally cast in sand molds) and 
R. D. Wood Gate Valves 


Mathews Modernized Hydrants . . . Tops in Convenience and 


Dependability Compression-type valve prevents flooding « Head 
turns 360° « Replaceable head e Nozzle sections easily changed 
« Nozzle sections raised or lowered without excavating « Pro- 
tection case of “‘Sand-Spun” cast iron for strength, toughness, 
elasticity « Operating thread only part to be lubricated e« All 
working parts contained in barrel ¢ A modern barrel makes an old 
Mathews good as new « Available with mechanical joint pipe 
connections 


198 
| 
@ 
| 
| 
fog 
Lu 
| 
| 
NN 
~ 
We 
= [= Z 
4 
( by do 
&) 
; 
i 
i 
4 | 
M 


SEWAGE AND INDUSTRIAL WASTES 


Actual field tests made on pipe laid 
under severe ground water conditions 
prove that the problem of infiltration 


can be overcome by using Lock Joint 
Reinforced Concrete Sewer Pipe 
equipped with Riblock Gaskets. 


Bogert-Childs Associates, consult- 
ing engineers for the enormous Over- 
peck Sewer Project, conducted a 
detailed weir test on approximately 
7,000 feet of 60” Lock Joint Rein- 
forced Concrete Sewer Pipe with Rib- 
lock joints which were installed across 
the North Jersey swamps and marsh- 
lands. This test, which showed only 


LOCK JOINT PIPE COMPANY 


Established 1905 
P. O. Box 269, East Orange, New Jersey 


BRANCH OFFICES: Casper, Wyo. * Cheyenne, Wyo. 
Denver, Col. * Kansas City, Mo. * Valley Park, Mo 
Rock Island, Ill. * Wichita, Kan. 
Kenilworth, N. J. * Hartford, Conn. * Tucumcari, N. M. 
Oklahoma City, Okla. © Tulsa, Okla. © Beloit, Wis 


Chicago, Ill. 


15 per cent of the volume of infiltra- 
tion permitted in the specifications, 
pointed conclusively to the value of 
Lock Joint sewer pipe and Riblock 
gaskets for installations of this diffi- 
cult nature. 


For nearly 50 years Lock Joint 
Pipe Company has been furnishing 
the most durable and dependable 
sewer, storm drain, and culvert pipe 
obtainable. Now, by including Rib- 
lock Gaskets in the specifications, you 
can also assure joints with perma- 
nently reliable protection against 
ground water infiltration. 
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At Monticello, N. Y., peak flow reaches 6.0 mgd, in contrast to 0.6 mgd winter flow. Link-Belt Straightline Slud 
Collectors equip two 20 x 95 x 8.8 ft. primary tanks, and L-B Circuline Collector—the 70 ft. dia., 7 ft. deep final ta 


Pick LINK-BELT sludge collectors 
for summer resort town 


Monticello (N.Y.) sewage plant 
gets economical, flexible treatment 
for flows that vary as much as 10-to-1 


The sewage treatment plant at Monticello, N. Y., 
presented a tough design problem . . . due to sum- 
mer population increase from winter's 4300 to 
around 22,500. This also necessitated a high degree 
of treatment to protect vacationers from stream 
pollution and nuisance. 

To solve this problem, consulting engineers 
W. A. Hardenbergh and Olney Borden chose 
Link-Belt Sludge Collectors—Straightline design 
on the two primary settling tanks and Circuline on 
the final settling tank. For both offer famous 


Straight-line action that accomplishes maximum 
sludge collection and complete sludge removal in 
the shortest time. Yet these collectors provide 
economical operation at all flow conditions. 

In addition to the sludge collectors, a Link-Belt 
Tritor Screen is used to remove the screenings and 
grit. A Link-Belt Sludge Elevator, liquid lime 
elevator and a belt conveyor aid in the sludge con- 
ditioning and sludge drying. 

Our sanitary engineers will be glad to work 
with your engineers, chemists and consultants— 
help you get the best in modern water, sewage or 
industrial liquids treatment equipment. 


LINK-BELT COMPANY: ioe 9, Indianapolis 6, Phila- 
delphia 40, Atlanta, Houst 5, San Francisco 24, 
Los Angeles 33, Seattle 4, ieee 8, Eas (South Africa). 
Offices in Principal Cities. 12,634 
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ACE Pipe Cleaning Contractors 
clean 


WATER SYSTEMS 


2 


24 Hours a Ser" 


7 _ a Week 


Neglected city and indus- 
trial water pipes fill with 
debris like this—cut down 
service, increase fire 
rates. Let ACE clean them 
for you! 


%* Ask to see our new 
21-minute newsreel movie 
of the great Kansas City 
Flood of July, 1951. No 


cost or obligation. 


Fast, modern water pipe and sewer cleaning service 
—that’s what ACE Pipe Cleaning Contractors, Inc., 
offers your city or industry today, wherever you are 
in the United States or Canada! 


Preserve your system “for the duration,” while pipe 
and steel are in short supply, with this thorough, 
economical service. 


ACE brings the most modern equipment known to 
the job, plus trained, skilled crews to get the job 
done right, quickly and at lowest possible cost. ACE 
has representatives in several principal cities, ready 
to serve you. Write for further information. Let us 
send a man, at no expense or obligation to you. Get 
in touch with us today! 


Cleaning jobs done thus far in 1951: Corps of Engi- 
neers, U. S. Army; City of Kansas City, Missouri; 
City of Kansas City, Kansas; Swift & Company; 
Armour & Company; Cudahy Packing Company; 
General Motors Corporation; Olathe, Kansas; Belton, 
Missouri; Milburn Country Club; Council Grove, 
Kansas; Procter & Gamble Mfg. Company. 


Pipe Cleaning Contractors, Inc. 
2003 Indiana — CHestnut 2891 — Kansas City 1, Mo. 
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Save up to80% 
of the space required 
treatment plants with | 
theAccelator 


...and the Accelator is built only by Infilco! 


Proved in over 1,500 installations 
throughout the world, the space-saving 
economics of the Accelator is but one of 
the many advantages thoroughly 
described by Infilco Bulletin 1825. Write 
for your copy today. 


IMFILCO INC. Tucson, Arizona Plants in Chicago & Joliet, [liners 


FIELD ENGINEERING OFFICES IM 26 PRINCIPAL CITIES 
World’s Leading Manufacturers of Water Conditioning and Waste-Treating Equipment 
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defense production 


and Sell 


your and 


Steel 


.§ Mr. Q-Check says dig for scrap metal 

: —search every nook and corner of your 
pipe yard—scrape the bottom of the bar- 
rel! For iron and steel scrap is critically 
needed to aid peak defense production 
in steel mills and iron foundries. 


The average pipe yard has some or 
all of the following sources of scrap 
metal, according to whether pipe is used 
for water, gas, sewerage or industrial 
service: 


Obsolete fittings; cut pipe (short pieces 
of distribution or service pipe); damaged * 
hydrants, valve boxes, manhole covers, 
etc. It all adds up to a vital contribution 
to defense production. 


Collect your scrap now. Phone your near- 
est scrap dealer. He wants what you have 
but quick, and pays good cash prices. 


CAST IRON PIPE RESEARCH ASSOCIATION . . . CHICAGO 
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UERSATI 


iothe werd houthe Devrce Vacuator 


Here are Three Ways it can be utilized 


to solve your problems... 


AS A PRE-TREATMENT UNIT EXAMPLE: 

At McAlester, Oklahoma's 
new West Sewage Treatment 
Plant a 12° dia. Vacuator re- 
moves scum, grease and grit 
from incoming screened sew- 
age, prior to two-stage trick- 
ling filter treatment. Operat- 
ing results show removals of 
46.6% of suspended solids 
and a 28.4% reduction in 
B.O.D. 


At overflow rates of 5000 to 
7500 gal./sq. ft./24 hrs., the 
1 Vacuator can serve as a com- 
plete pre-treatment unit, 
removing scum, grit and a 
substantial percentage of sus- 
pended solids —also thicken- 
ing excess secondary sludges. 


AS A SCUM-REMOVAL UNIT EXAMPLE: 


Seum-forming cannery wastes 
virtually put the Palo Alto, 
California Sewage Treatment 
Plant out of commission five 
months of the year. A 35’ dia. 
Vacuator, followed by second- 
ary treatment, completely 
solved the problem by remov- 
ing an average of 43.6% of 
suspended solids, 58% of 
settleable solids and 8.4% of 
B.O.D. during the canning 
season. 


At overflow rates of 5000 
gal./sq. ft./24 hrs., the Vacu- 
2 ator can be used for the treat- 
ment of oil, cannery, packing 
house, laundry and similar 
tough-to-handle wastes. 


AS A GREASE-REMOVAL UNIT 


Overflow rates as high as 
10,000 gal. /sq. ft./24 hrs. can 

3 be used when the primary 
function of the Vacuator is 
grease removal from domes- 
tic or industrial wastes. 


EXAMPLE: 


At Patuxent River, Maryland, 
a 14 dia. Vacuator removes 
heavy “slug loads” of grease 
ahead of primary treatment. 
Removals average 50% of sus- 
pended solids and a 51% re- 
duction in B.O.D., enabling 
the standard Dorr Clarifier 
which follows to function 
smoothly without auxiliary 
equipment. 


These examples illustrate but three of the many ways in which the compact, three- 
product Vacuator is successfully solving difficult problems. If you think vacuum- 


flotation could help you, write for Bulletin #6301. * Reg. U.S. Pat. Of. 


WORLD - WIDE RESEARCH ENGINEERING EQUIPMENT 


THE DORR COMPANY - ENGINEERS - STAMFORD, CONN 
Associated Componies ond Representatives in the principal cities of the world 
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Sewage Works 


PAINT PROTECTION OF SEWAGE WORKS 
STRUCTURES * 


By W. T. McCLenaHan 


Principal Construction Engineer, The Sanitary District of Chicago, IU. 


Sewage works structures are every- 
where depreciated by persistent and 
damaging attacks by the plant sur- 
roundings. The mitigation or stopping 
of these attacks is one of the engineer’s 
most urgent and continuing problems. 
How can this depreciation be stopped, 
or at least controlled? The answer to 
this question requires a very careful 
study of three factors: 


1. A study of the nature of the con- 
ditions prevailing about the sewage 
works which bring about the deteriora- 
tion. 

2. A study of the way these destruc- 
tive conditions affect the different ma- 
terials of construction. 

3. A study of the various types of 
protective coatings available and suit- 
able for resisting these conditions. 


The writer (1) has already outlined 
the corroding conditions peculiar to a 
sewage works in a previous paper. It 
is, therefore, unnecessary to repeat that 
discussion. The way various metals re- 
act to the plant conditions causing de- 
terioration has also been discussed in 
detail in another paper (2). Any- 
one interested in these subjects is re- 
ferred to these two papers and to 
numerous other articles on this and 
related subjects in engineering litera- 
ture. 

The present paper takes up the sub- 
ject of paint protection and dwells par- 

* Presented at 1951 Annual Meeting, Penn 
sylvania Sewage and Industrial Wastes As- 


sociation; State College, Pa.; August 22-24, 
1951. 


ticularly upon the Chicago Sanitary 
District experience with priming and 
top coat paints on metal used in and 
about sewage works. 

It should be stated that paints and’ 
painting systems which can be used for 
these purposes in sewage works service 
are legion, and new and better ones 
are being continually introduced. It 
will, not be possible, therefore, to dis- 
cuss the merits of all paints and paint- 
ing systems which might be used or 
to cover the painting of surfaces other 
than metal. 


Preparation of Metal Surface 


The success of a painting job de- 
pends greatly upon the care with which 
the cleaning work is done. The amount 
of cleaning work required depends 
upon the conditions of the metal sur- 
face, the exposure, and the type of 
paint to be used. 

On new work it has usually not been 
thought necessary to completely remove 
the mill scale, but in such case the 
shop coat must be applied before the 
mill scale has started to come loose. 
Otherwise, much trouble will be ex- 
perienced with the seale ‘‘ popping’’ off 
afterwards and bringing the paint with 
it. 

Undamaged mill scale, especially 
when it is thin, is of itself quite pro- 
tective, but thick mill seale, especially 
when it has been exposed to the 
weather, almost always contains mois- 
ture and it is the moisture which causes 
most of the ‘‘ popping.’’ 
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Some alleviation of this trouble may 
be realized if the surface is flamed just 
before it is painted to bring off the 
thickest scale, dry the steel, and drive 
off the moisture from under the edges 
of the tight scale where the moisture 
often hides. Nevertheless, if the scale 
is heavy, even this expedient may not 
prevent ‘“¢popping’’ afterwards when 
the structure flexes under stress or is 
subjected to rapid changes of tempera- 
ture. 

Sometimes it is better practice to 
let all of the mill scale weather off be- 
fore the surface is painted than it is 
to try to paint over a badly damaged 
or very thick mill scale. This proce- 
dure, however, takes considerable time 
to complete the scale removal and usu- 
ally takes from nine months to a year 
to secure a seale-free surface suitable 
for painting. Otherwise, the engineer 
may find it more expedient to paint the 
steel and expect to touch it up fre- 
quently afterwards whenever and 
wherever the scale pops off. The al- 
ternative is to sandblast or pickle the 
surface. 

It should be pointed out, however, 
that there are definite limits to the 
practicable use of sandblasting about 
a sewage works that is in operation, and 
pickling is not generally applicable to 
steel that is erected. Weblike struc- 
tures are very expensive to sandblast 
and, moreover, sandblasting in the vi- 
cinity of pumps, blowers, motors, and 
any other machinery may do damage 
to the machine bearings if extreme care 
is not taken to protect them. For these 
reasons sandblasting in the Chicago 
Sanitary District’s work is usually con- 
fined to the inside surfaces of tanks and 
metal surfaces in houses and 
erit chambers where damage to equip- 
ment is not so likely to occur and where 
this treatment seems to be especially 
needed. 

The best way to prepare a previously 
painted surface for repainting depends 
greatly upon where the work is and 
what the present condition of the sur- 
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face is. If the condition about the sur- 
face is normally dry, such as is usually 
the case at a bridge, an office building, 
a laboratory building, or a normal 
pump and blower house (in fact, at 
practically all sewage works structures 
except those which enclose open sewage 
or water), the cleaning and preparing 
work may very well be covered by the 
following specifications : 


“All metal surfaces to be painted shall 
be sound, clean, and free of harmful seale, 
rust, dust, dirt, oil, grease, moisture, and 
other foreign matter which will in any way 
detract from the life and usefulness of the 
coating. 

“Oil, grease, and soap accumulations shall 
be thoroughly removed by means of suit- 
able solvents or by use of trisodium 
phosphate or strong caustic soap, followed 
immediately by a thorough washing of the 
surface with clean water. .. . 

“All rust, loose scale, loose paint, and 
other debris shall be thoroughly removed 
and all damaged paint and rust pits shall 
be seraped out, back to sound material, 
using sealing hammers, chisels, scrapers, 
hand or motor driven wire brushes, power 
wheels, or other such tools as may be suit- 
able and effective. . . . Re-entrant angles 
and inner corners and around rivet heads 
and bolt heads and nuts shall be scraped 
out clean and the entire surface thoroughly 
wire brushed.” 


The District specifications require 
use of the cleaning tools ‘‘in such a way 
as will not unduly seratch or score the 
metal surface,’’ because the scoring 
may damage the paint afterwards. 
Sharp metal edges are specified to be 
dulled with a file or a grinding wheel, 
because when a paint dries over these 
sharp edges it pulls tight due to a 
shrinkage in volume taking place as 
the volatile eseapes and as certain oxi- 
dations and polymerizations take place 
in the vehicle and certain pigment-ve- 
hicle reactions (largely those of zine 
oxide) cause reduction of volume. 
Also, under varying exposure condi- 
tions certain physical changes in vol- 
ume take place which are due to wetting 
and drying, heating and cooling, and 
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freezing and thawing at different times. 
These changes in volume cause high 
stress in the film at the sharp edges so 
that the film often breaks. 

If the above specifications are con- 
scientiously carried out, the prepara- 
tion of the surface will usually be suffi- 
cient, except where the atmosphere is 
normally highly humid. The paint 
may not last quite so long when the 
steel is thus cleaned as it would were 
the surface to be thoroughly sand- 
blasted, but it will usually give a satis- 
factory paint life. 

Steel in submerged locations has not 
been found to be particularly difficult 
to protect as compared to steel in hu- 
mid atmospheres, especially where sew- 
age gas is present, except that oil, 
grease, and soap accumulations and 
oxygen at the water line in the sub- 
merged locations, together with me- 
chanical damage from floating matter, 
introduce problems. To overcome these 
special conditions in submerged loca- 
tions the paint must be specially de- 
signed for that kind of service. 

If the surface of the metal tends to 
accumulate moisture—as it does on steel 
sash and doors and on the building 
framework, handrails, stairs, and equip- 
ment in a screen house or grit chamber 
where warm sewage is in direct contact 
with the atmosphere to saturate it and 
the metal acts as a sort of condenser 
to collect the moisture from the humid 
atmosphere and this moisture tends to 
absorb the carbon dioxide to form car- 
bonic acid and the hydrogen sulfide and 
oxygen to form sulfurous and sulfuric 
acids—it will be very difficult to get 
the metal sufficiently dry and free of 
these acids to secure a good clean sur- 
face and a lasting bond for the paint. 

If there is a film of moisture left on 
the surface, the paint will not prop- 
erly ‘‘wet’’ the metal and if it doesn’t 
wet the steel it will not bond well to it. 
In addition, the moisture and acid left 
on the surface will spread damage un- 
derneath the film. 

Removal of this moisture and acid 
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has been tried by washing the sur- 
face with solvent and then immedi- 
ately wiping the surface dry with a 
clean dry rag. However, current think- 
ing is that in such places only complete 
removal of all old paint and scale by 
sandblasting or otherwise will be suffi- 
ciently effective to secure a reasonable 
paint life, 

If it were safe to use, flame cleaning 
of the surface just before painting 
would very effectively dry the steel and 
extract the moisture from beneath the 
edges of the old paint and scale. More- 
over application of the paint to the 
steel immediately—while the steel is 
still warm—accomplishes a baking of 
the paint onto the surface, which 
assures greater paint density and 
better adhesion to the surface. How- 
ever, the presence of methane and gaso- 
line fumes about a sewage works, to 
say nothing of the volatile from the 
paint itself, makes flame cleaning inad- 
visable in confined quarters. Moreover, 
if flame cleaning is used and the mill 
scale is thick and already coming off, 
the flame treatment may need to be sup- 
plemented by a grinding of the surface 
to produce a smooth, even surface be- 
fore painting. Otherwise, the painted 
surface will show unsightly islands of 
tight mill scale beneath the paint film. 


Use of Phosphoric Acid Coatings 

Where it can be done, Parkerizing or 
Bonderizing of steel window sash and 
doors, especially those in the outside 
walls of screen houses and grit cham- 
bers and other places where the humid- 
ity always runs high, is advantageous, if 
done just before the shop coat is applied. 
If this is done there will be less blister- 
ing and corrosion of the painted sur- 
face. Under certain conditions a phos- 
phorie acid wash is used. The present 


Chicago Sanitary District specifications 
for this wash (SDC No. 313) eall for a 
phosphorie acid content in the wash as 
applied, expressed as H,PO,, to be 15 
per cent by weight of the diluted solu- 
tion. 

The Sanitary District has done con- 
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siderable work with these wash coat- 
ings applied to steel in various condi- 
tions of cleaning and will do more as 
time permits. Certain impressions have 
been developed with regard to their 
use, as follows: 


1. It is not believed that a combina- 
tion of phosphoric acid and chromic 
acid is as good as the use of phosphoric 
acid alone. This is at variance with the 
findings of the Bureau of Standards, 
as reported in ‘‘BMS and ‘“‘BMS 
102.’’ 

It is thought that the chromic acid 
in a combination wash solution acts first 
and inhibits the action of the phos- 
phorie acid so that the phosphate coat- 
ing is not properly formed. The 
chromic acid acts like a shock to the 
steel, from which the steel slowly re- 
covers when the chromic acid is no 
longer present. Its effect, then, is 
rather temporary. The phosphate 
coating under such conditions, if 
formed at all, will be very thin so that 
it, too, will not offer the protection it 
would if the chromic acid had not been 
used. 

If the phosphoric acid could be ap- 
plied first and then after its reaction 
has been completed the chromic acid 
could be applied as a second wash, it is 
believed the best use of the two acids 
would be made, but at additional cost. 

It is to be presumed that if the 
phosphoric acid wash should be applied 
alone and followed with a prime paint 
coat containing zine chromate, the 
chromic inhibition will be supplied con- 
tinuously by the zine chromate and 
there is no need then for the chromic 
acid wash in addition to the phosphoric 
acid wash and the use of the mixed 
acids is avoided. 

2. It is not believed advisable to ap- 
ply a phosphoric acid wash in a re- 
paint job where the old paint is not 
completely removed. There is consid- 
erable question as to the advisability 
of thus treating even new steel with 
the acid where the mill seale is not re- 
moved. 


January, 1952 


The phosphoric acid on the old paint 
(and perhaps also on the mill scale) 
remains without reacting with the steel 
so that when the prime coat is applied 
the acid forms a ‘‘hot spot’’ in the new 
paint to damage it in various ways if 
the treated surface has not been pre- 
viously thoroughly washed with water 
to remove the free acid before paint- 
ing. Washing with water, of course, 
adds to the cost and is rarely done. 

On new steel, however, especially 
where the steel is thoroughly sanded 
or pickled to remove the mill scale, and 
on new galvanized iron or steel, the 
phosphoric acid wash is believed to be 
quite helpful in securing a good bond 
for the paint and the iron and zine 
phosphates formed possibly also afford 
some inhibition of corrosion. 

3. Some proprietary types of phos- 
phorie acid washes do not seem to 
‘‘wet’’ the steel very well. The acid 
seems to draw itself together so that 
the action on the steel is quite non- 
uniform. 

When the treatment is complete the 
phosphate coating should be of uni- 
form color, showing even reaction and 
an even deposit of iron phosphate. 


Metal Priming Paints 


The most important paint in a dry- 
ing oil painting system is the first or 


prime coat. Other paints in the sys- 
tem are, of course, important, but the 
efficiency of the entire paint job is to 
a considerable extent determined by 
the effectiveness of the prime coat. Its 
composition, thickness, adhesion to the 
steel, and suitability for the purpose 
are, therefore, all important consider- 
ations. 

To be of universal service on metal 
about a sewage works, an ideal prim- 
ing paint of the drying oil type must 
serve two very distinct 
follows : 


purposes, as 


1. It must thoroughly gasproof and 
waterproof the surface ; that is, it must 
not only be impervious to moisture and 
acids, but it must also be gastight 
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against hydrogen sulfide. The hydro- 
gen sulfide gas has a very small mole- 
cule and will penetrate most paint 
films. If the gas penetrates, it attacks 
the steel and forms iron sulfide. This 
formation, of course, destroys the paint 
bond to the steel and when the bond is 
lost the loose paint is more easily dam- 
aged by abrasion. The prime paint 
also must not soften appreciably when 
covered by accumulations of oils, 
greases, and soaps, nor be easily dam- 
aged by the abrasion of floating matter, 
which usually accompanies these oils, 
greases, and soaps. 

It must not only be impervious to its 
surroundings, but it must also furnish 
good bond of itself to the steel and it- 
self provide good bond for the top 
coats. These several physical qualities 
are largely afforded by the vehicle, al- 
though the pigment does add consider- 
ably to the quality of the paint and 
its durability. The nature of the ve- 
hicle found most serviceable under 
these conditions is a 25-gal. para-phenyl- 
phenol-tung oil varnish, which is de-* 
scribed later. 

The pigment adds to the protective 
value of the paint film by increasing 
the paint density. In the District’s ex- 
perience a pigment volume of from 30 
to 35 per cent of the dry paint volume 
affords the greatest usable density for 
the primer. The percentage seems to 
vary somewhat with the amount and 
kind of grinding. For instance, grind- 
ing SDC No. 251 paint in a ball mill for 
18 hr. permits use of more pigment than 
does the ordinary grinding on a roller 
mill. In faet, such fine grinding def- 
initely requires use of more pigment in 
order that the surface be not so smooth 
that top coats will not adhere well to 
the primer. 

The size and shape and, to an ex- 
tent, the composition of the pigment 
also affect the performance of the paint 


film. For instance, it has been found . 


that mica (and especially graphitic 
mica), when used in moderate amount, 
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adds considerably to the life and use- 
fulness of a metal priming paint. 

2. A second, even more important 
function of the prime coat is to in- 
hibit corrosion of the steel whenever 
the corroding liquids eventually get 
through the paint film to the steel, as 
they inevitably do. 

A number of pigments function well 
in this respect. The best known and 
most used inhibitors are zine chromate 
and basic lead chromate (American 
vermillion). Red lead has also been 
classed among the inhibitors, but its 
most useful contribution to the paint 
formulation is thought to be its furn- 
ishing of a tough, impervious, and 
strongly adherent lead soap. 

It should be pointed out that a prim- 
ing paint which serves well under one 
set of conditions may not do at all well 
under another set. For instance, a 
bridge is only occasionally wet by a 
rainstorm. Between storms the protec- 
tive paint, whatever it is, has a chance 
to dry out and, to an extent, recover 
its imperviousness. 

Moreover, at a bridge there is no 
hydrogen sulfide to penetrate the film 
to destroy the bond of the paint to 
the metal or oxidize to sulfurous and 
sulfurie acids to enter breaks in the 
film and spread damage underneath 
over wide areas. In the normal situa- 
tion there are no oils, greases, and 
soaps present to soften the paint. Steel 
in such a structure, therefore, presents 
a much less difficult condition for paints 
than does steel in many locations about 
a sewage works, where the paint re- 
mains damp practically all of the time, 
where hydrogen sulfide gas is abundant 
to bore through the paint film to the 
steel and there destroy the bond of the 
paint to the steel, or in another situa- 
tion where oils, greases, and soaps, to- 
gether with mechanical damage, are 
encountered to cause paint failure. 

The presence of these more severe 
conditions in a sewage works necessi- 
tates a somewhat different approach to 
the painting problem than where the 
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conditions are milder. The vehicle, in 
particular, must be more highly re- 
sistant to these untoward conditions in 
a sewage works than is necessary for 
paints used on a bridge and on the 
steel of most buildings. 


Red Lead Paints. 


When a priming paint is mentioned, 
one naturally thinks of a red lead and 
oil paint—and for situations a 
red lead and oil paint does make a very 
satisfactory metal primer. Such paints 
have been used with success for vears, 
even on ship bottoms and inside water 
tanks, where the conditions would cer- 
tainly seem to be most unfavorable. 
They in time past constituted the best 
priming that was known and they even 
yet furnish fairly good protection. In 
recent number of 
other paints have been developed which 
have gained popularity 
for the more severe conditions of serv- 
ice. Some of these new priming paints 
are considered in later sections of this 
paper. 

Why has red lead paint been so 
satisfactory in the past? There are 
several In the first 
place, the red lead pigment enters into 
the very pores of the iron in a way 
that no other pigment seems to be able 
to do. It there seems to become an in- 
tegral part of the metal so that without 
use of considerable solvent it cannot be 
removed without bringing some of the 
metal with it (probably due to the 
formation of a combination of 
red lead and iron oxide). Its bond to 
the steel, therefore, is very good indeed. 
Moreover, its lead soaps are tough and 
flexible and quite impervious to mois- 
ture. Evans (3) and others feel that 
red lead also affords some inhibition of 
All of these factors combine 
to make red lead paints quite satisfae- 
torily protective. 


most 


years, however, a 
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corrosion. 


To increase the imperviousness of 
their red lead paints for use on ship 
bottoms and on the inside surfaces of 


water tanks, engineers have often 
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added up to 15 per cent by weight of 
the pigment litharge. The litharge re- 
acts with the vehicle to increase the 
lead soap in the film and it is this soap 
that decreases the permeability. Aside 
from the possible danger of causing 
lead poisoning from this practice when 
the tank is used for drinking water 

which danger, 
found to be a serious risk, especially 
where the red lead is covered by suit- 
able top coats), there is the objection 
that the litharge cannot be safely in- 
troduced into the paint in the grinding 
because the paint will almost certainly 
harden in the containers if kept stored 
for any length of time. It must be 
added to the paint in the field and that 
increases the amount of inspection nee- 
essary to make sure that the addition is 
properly made. 

Some recent red lead primer specifi- 
cations eall for from 5 to 20 per cent 
by weight of the total pigment to be 
zine chromate, which is added to the 
grind. This inclusion undoubtedly im- 
proves the paint as a primer. 

Aluminum distearate has also been 
added to the paint. The purpose of 
this pigment is to prevent hard settling 
in the can, which is often a trouble- 
some matter with red lead paints. For 
that purpose it is quite effective, but 
it is used at some sacrifice of the water 
resistance. 

The Sanitary District of Chicago does 
not favor the use of fibrous asbestine 
in any of its priming paints because it 
is believed that the fiber increases the 
permeability. It is possible that the 
fiber acts as a wick to convey water 
through the film whenever the fiber 
happens to stand perpendicular to the 
surface of the steel. 

Many red lead specifications include 
a considerable percentage of red iron 
oxide in the formulation. This pig- 
ment, if finely ground and used in 
moderate amount, improves the flow- 
out qualities, but adds nothing other- 
wise to the paint but color, density, and 
decreased cost. 
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Some engineers use varnish vehicles 
in their red lead paints. These var- 
nishes have been of the alkyd or phe- 
nolic oleoresinous types. Presumably 
because of the prevalence of moisture 
about the Sanitary District plants, the 
alkyd varnishes have never been found 
to be any better, if as good, a vehicle in 
red lead paints as is straight linseed oil 
(For the phenolic varnishes see Fed- 
eral Specifications TT—P-86a IV.) 

Those who wish to further pursue 
this subject of red lead primers are 
referred to the Red Lead Technical 
Committee of the Lead Industries As- 
sociation, 420 Lexington Avenue, New 
York 17, N. Y., which has assembled a 
list of some very good formulas used 
by various governmental agencies and 
industrial concerns. 


Zine Dust-Zine Oxide Primers 


Zine dust-zine oxide paints have been 
found very useful for painting new 
galvanized sheet metal and for touch- 
ing up the threads and damaged spots 
of new galvanized pipe, but the Dis- 
trict never uses it under water. It has 
been found that zine dust-zine oxide 
paints serve very well as a touch-up 
prime coat in a repaint job to be fin- 
ished with one coat of aluminum, and 
also for an all-over prime coat where 
that is necessary under the one coat of 
aluminum. 

No success has been had by the Dis- 
trict in tinting a first coat of aluminum 
for distinguishing it from the top coat 
of the same kind of paint when the 
paints are sprayed. Apparently the 
aluminum flakes spread out over the 
coloring matter in such a way that they 
hide the color. At any rate, the tint 
does not show sufficiently. There is, 
however, enough difference in color be- 
tween the zine dust-zine oxide paint and 
the aluminum paint that it is easy to 
tell whether or not a full coat of alumi- 
num has been applied, and yet the color 
difference is not so pronounced that one 
coat of aluminum will not easily hide 
the zine coating. [Note:—Another 
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solution of this problem of differentiat- 
ing between two coats of aluminum, 
suggested by the Aluminum Company 
of America, is to use a coarse grade of 
aluminum powder (such as ASTM D 
962 class C) for the first coat and a 
fine grade (such as ASTM D 962 class 
A or B) for the second or top coat. The 
difference in the sheen will usually be 
sufficient, it is said, to distinguish be- 
tween the two coats. | 

The New Jersey Zine Company sev- 
eral years ago did a great deal of re- 
search upon zine dust-zine oxide paints 
and from its findings recommended 
that the vehicle should not have an 
acid number greater than 4. Because 
it is the zine oxide which reacts with 
the vehicle, it behooves the paint formu- 
lator to add zine oxide with discretion. 
Nevertheless, some zine oxide is appar- 
ently needed to harden the paint, for 
zine dust paints tend to dry rather 
slowly. The acicular type of zine ox- 
ide has generally been used by the 
Sanitary District of Chicago because 
its reactions are somewhat slower than 
are the reactions of the powder va- 
rieties. 

As the paint ages, much of the zine 
dust oxidizes to zine oxide so that such 
paints tend to become harder and more 
brittle as they grow older. For that 
reason, some litharge can be used ad- 
vantageously in the paint to increase 
the toughness retention of the film. 
The addition of mica and aluminum 
distearate helps to prevent hard set- 
tling in the container. 

A zine dust-zine oxide formulation 
finding favor with the District is as 
follows : 


Zinc Dust-Zinc Oxide Paint 


Per Cent 
Pigment Composition by Weight 
Zine dust (ASTM D520-47) 70 
Zine oxide (ASTM D79-44, acicular 
type) 16 
Litharge 2 


Mica (water ground or graphitic type) 
Aluminum distearate 


Total 


10.5 


100 
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Vehicle 

For outside service—M body linseed oil (max. 
acid value 5) 

For damp inside service—50 gal. para-phenyl- 
phenol varnish similar to V37.25 later de- 
scribed, but with viscosity D to E at 55 
to 60 varnish solids. 

Volume Ratio of Dry Paint 

30% pigment 70% non-volatile vehicle 

In addition to thinner and drier to 
each 100 gal. of paint as made there is 
added an amount of lecithin (Yelkin 
TTS brand) as a wetting agent equal 
to 0.5 per cent, and an amount of 8 
per cent zine naphthenate equal to 0.2 
per cent, of the weight of the solids in 
the vehicle. 

In recent contracts, especially where 
the paint is to be kept for some time 
before it is used, it has been required 
that the zine dust be furnished either 
in separate compartments of the cans 
or in separate cans in sufficient amount 
to mix with the given liquid to make 
the paint as formulated when the two 
are mixed together, because when the 
dust is ground into the paint at the 
factory it settles badly in the cans and 
is difficult to properly reincorporate. 
Moreover, zine dust paints, when 
mixed, tend to give off hydrogen gas 
if there is any moisture present in the 
paint. If this gas is allowed to accu- 
mulate the can may explode. For 
that reason it is advisable to puncture 
the lids of cans containing ready-mixed 
zine dust paints to allow the gas to 
escape. 


SDC No. 251—Red Metal Primer 


In plant construction it is always 
convenient to standardize on one prim- 
ing paint for use everywhere, irrespec- 
tive of where the steel is to be used. 
Top coats applied after erection can be 
varied according to the location to com- 
bat the peculiarities of the exposure, 
but one cannot very well tell the fab- 
ricator to vary his shop coat on differ- 
ent parts of the work according to 
where the steel is to be placed. Such 
instructions, if given, would result in 
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endless confusion and countless errors. 
Even in maintenance repainting work 
it is less bothersome to stock up with 
one type of priming paint so that the 
painters can use it everywhere. This 
practice reduces the amount of stock 
necessary for the storekeeper to have 
on hand. Such a paint, however, must 
be designed for the worst conditions 
encountered if it is to be generally ap- 
plied. 

After several years of experimenting 
the Sanitary District has standardized 
on a single metal primer for general 
use which has given very good service, 
except that it does not seem to be 
suited to use in very damp atmos- 
pheres such as are encountered in 
screen houses and grit chambers and 
also on the underside of the roof of 
water tanks, where it appears necessary 
to completely sandblast the surface 
and paint it with some such paint as 
the WPl wash primer of the vinyl 
coating system, which is described 
later. This special paint seems to be 
the only practical painting system yet 
tried which will endure these severe 
conditions. 

The red metal primer also is not 
suited to painting new galvanized sur- 
faces, where zine dust-zine oxide paints 
have proven better. Otherwise, the 
red metal primer has been found to 
outlast most other paints, even in sub- 
merged locations, if it is properly ap- 
plied to properly prepared surfaces 
and properly covered by suitable top 
coats to protect it. 

The paint formulation used by the 
Sanitary District is as follows: 


SDC No. 251-49 Red Metal Primer 
Per Cent 
by Weight 
(Volatile— 
Free Basis) 
21.07 
1.50 
18.06 
16.55 
3.01 


Constituent 

Zine chromate (P4449) 
Red lead (ASTM D83-41) 
Red iron oxide (P42-45) 
Graphitie mica (P43-47) 
Crystalline silica (P33-37) 
Grinding varnish (V37.25-49 non- 

volatile constituent) 


39.81 


100.00 


Total non-volatile 
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Drier (V75) to make the paint dry to 
touch in not less than 4 hr. and dry 
hard in not more than 20 hr. Thinner 
not to exceed 50 per cent by weight of 
the total vehicle. Add 15g Ib. of 
lecithin as a wetting agent to each 100 
gal. of the paint as made. 


It will be helpful, perhaps, to those 
who are not familiar with paint formu- 
lation, if quality requirements are given 
and the function of each of these in- 
gredients in the paint is explained. 
To save words, trade names are used 
to identify the quality. Other brands 
may be just as good, or possibly better, 
but the ones mentioned are the ones 
used by the Sanitary District. Know- 
ing the trademarked materials which 
have been used other brands can be 
tried out in parallel, if desired, to de- 
termine their equality and suitability. 
Although this mode of description is 
used to save space, it should be clearly 
understood that the named brands are 
not claimed to be the only brands 
which will serve in this paint. 

Zine chromate.—The zine chromate 
of the formula, of course, functions as 
the inhibitor of steel corrosion. It 
might be stated first that making all of 
the pigment zine chromate, as some 
others have done and recommended, was 
tried, but it was found that paints of 
that kind tended to become brittle with 
age. A number of percentages were 
tried out experimentally and 35 per 
cent of the weight of the pigment was 
finally settled upon as being about the 
most satisfactory percentage from all 
standpoints for an all-purpose priming 
paint. 

The zine chromate preferred by the 
District is called Zine Tetroxy Chro- 
mate (ZTR), which was developed sev- 
eral years ago by the New Jersey Zinc 
Company and is now marketed by the 
Mineral Pigment Company of Muir- 
kirk, Md. This zine chromate has a 
definite chemical composition, which is 
expressed by the formula ZnCrOQ,:- 
4 Zn(OH),. On the other hand, ordi- 
nary zine yellow is a somewhat indefi- 
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nite mixture of zine oxide, potassium 
or sodium bichromate, and water of hy- 
dration, often accompanied by sulfate, 
chloride, or nitrate, depending upon 
the method of manufacture. 

One of the important advantages of 
the Tetroxy brand is that it is essenti- 
ally free of all corrosion exciting ions, 
such as those of sulfate and chlorine, 
whereas these constituents may run as 
high as 3 per cent and 0.8 per cent, 
respectively, in ordinary zine yellow. 
It is claimed that for this reason paints 
containing Tetroxy zine chromate will 
blister much less severely than will 
those containing other varieties of zine 
yellow and the Sanitary District experi- 
ments seem to support this claim. 

Red lead.—The red lead in the for- 
mula is added to bring about the forma- 
tion of a certain amount of lead soap, 
which increases the imperviousness of 
the film and also adds to its toughness. 
The grade of red lead which should be 
used is not very important. Litharge 
might be even better than red lead in 
the formula. 

Red iron oxide.—Red iron oxide havy- 
ing a fine particle size has been found 
to increase the flow-out of the paint, 
thereby tending to eliminate brush 
marks and other flaws in the film. The 
Sanitary District specifies that the 
Fe,O, in the red iron oxide shall be 
not less than 80 per cent and that the 
total soluble salt shall be not more than 
0.5 per cent. The calcium oxide is 
limited to 0.5 per cent. The pigment, 
therefore, is practically neutral to the 
steel chemically. Because the maximum 
particle size is limited to 20 microns, 
the pigment runs very fine. The Dis- 
trict has been using No. 5535 Super- 
fine, Can-Ox, of the George S. Mepham 
Company, of East St. Louis, II. 

Graphitic mica.—Experiments have 
shown that this pigment adds greatly 
to the durability of the paint film, pre- 
sumably because of its waterproofing ef- 
fect. The particle size is specified to 
range from 1 to 25 microns, with only 
a few particles larger. The loss on ig- 
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nition (0.5 hr. at 800° C.) is limited 
to 10 per cent and the water soluble 
salts to 0.05 per cent. The District 
has been using Micalith G brand of 
the General Mining Associates, 700 Ca- 
thedral Street, Baltimore, Md. 
Crystalline silica—In designing the 
paint, it was thought desirable to pro- 
duce ‘‘tooth’’ for adhesion of 
top coats, so 5 per cent crystalline 
silica by weight of the total pigment 
in the formula was added. It is re- 


some 


quired that the silica shall be 98 per 
cent SiO, and that 95 per cent shall 
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position, although it is found ex- 
pedient to suggest a composition and a 
cooking procedure if requested. It is 
specified that it shall meet certain 
well-known physical tests for spar var- 
nish and, in addition, required that it 
shall pass certain performanee tests, 
which are intended to simulate the 
most significant conditions found in a 
sewage works. The physical tests cited 
are those of the American Society for 
Testing Materials and of the Federal 
Specifications Board, and are as fol- 
lows : 


Physical Tests 


Appearance (ASTM D154) 
Color (ASTM D154) 


Flash point (ASTM D56) 
Non-volatile content (ASTM D154) 
Viscosity (ASTM D154) 

Working qualities (FSB-TT-V-121C 
Drying time (FSB-TT-V-121C 


Lifting—second coat applied 24 hr. after first 
coat and second coat dried 24 hr. before ex- 
amination. Dried in a well-ventilated room. 

Gas resistance (FSB-TT-V-71b) 

Draft resistance (FSB-TT-V-121C) 

Skinning (ASTM D154) 

Compatibility —using Type II zine yeliow, 
toluidine red, and whiting as criteria. 


pass the 325-mesh sieve. The Black- 
hawk brand of the Standard Silica 
Company, of Ottawa, II1., is being used. 

Grinding varnish V37.25.—The ve- 
hicle used is a 25-gal. para-phenyl-phe- 
nol-tung oil varnish. This vehicle is, 
in truth, the very key to the success 
of the whole paint and must be most 
carefully selected. If it is not water 
resistant, gas resistant, and oil, grease, 
and soap resistant, and if it does not 
adhere well to the steel and afford 
good bond to paints applied over it, 
the paints in which it is used will cer- 
tainly fail when they are subjected to 
the conditions encountered in sewage 
works. 

The Sanitary District does not 
specify the varnish definitely by com- 


Clear and homogeneous. 

Not important if the varnish is not also used 
in a light-colored top coat. 

Not less than 86° F. 

Usually runs about 53% solids. 

Usually D on the Gardner-Holdt scale. 

Normal. 

To touch—more than 4 and less than 8 hr. 

Hard—less than 20 hr. 

(Sample taken before drier is added and a 
definite amount of V75 drier is added in the 
laboratory to make the test.) 

No lifting. 


Pass. 
Pass. 
Pass at 72 hr. 
Pass at 72 hr. 


Another test of this general nature 
is a varnish stability test, which was 
devised to assure use of clear and 
stable varnishes in the paints. The 
varnishes should be free from eloudi- 
ness and specks of solid organic ma- 
terial, which often develop sometime 
after the varnish is made. These de- 
fects not only cause paints to have a 
poor appearance, but they may also con- 
stitute weakness in the film where mois- 
ture and gas can find entrance. If they 
are removed by filtering after they 
have all formed, the remaining varnish 
is believed to be all right for use if it 
tests right otherwise. 

The varnish to be used is sampled 
and placed in a tall (100-ml. Nessler) 
tube and stored without disturbance 
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for two weeks. If at the end of that 
time there is any cloudiness, speckiness, 
or precipitation, the entire batch of 
varnish is required to be refiltered. 
Otherwise, the varnish is used as made. 


Performance Tests 
General 


Two types of performance tests are 
applied to the varnish. The one type, 
consisting of a 2-hr. boiling-water test 
and an ammonia test (pH 9.5) for 
seven days, has no direct relationship 
to the conditions found in sewage 
plants, but it is believed the tests af- 
ford valuable information concerning 
the quality of the varnish. 

The other set of performance tests 
are specifically designed to simulate 
conditions which occur singly or in 
combination in sewage plant service. 
These tests are a cold-water test, a 
hydrogen sulfide test, and an oil-mois- 
ture test. Frankly, these tests are 
greatly accelerated in their effects 
upon the varnish. They are neces- 
sarily so, for when a varnish is sub- 
mitted for approval a decision with 
regard to its acceptability or non-ac- 
ceptability must be made in a reason- 
able length of time or the test is of 
little value. Are the results comparable 
with those of actual service? That 
question, as such, has never been actu- 
ally studied, but since these accelerated 
tests have been used for judging the 
quality of the varnish much more dur- 
able paints have been secured than be- 
fore. Although the results of the tests 
upon the clear varnish cannot be trans- 
lated into years of life for the cor- 
responding paint, it is possible to as- 
sure securance of the very best paint it 
is possible to make. 

One unfortunate fact about the per- 
formance tests is that the results can- 
not be stated in specifie terms. They 
cannot be set down in definite values 
to represent the degree of perfection or 
failure. They must be described and 
the description requires the exercise of 
a good deal of engineering judgment, 
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which is not a definite thing, but must 
be backed up by years of experience to 
be reliable. Even then it varies, for 
it tends to be influenced by what the 
inspector has just seen. If that was 
unusually good, then the next results 
must closely approach that standard or 
the inspector will be likely to underrate 
the result. If he has been observing a 
number of unusually poor varnishes, 
he tends to overrate a varnish which 
shows up only slightly better. The in- 
spector must continually guard against 
this overswing of his judgment. 
Another factor which makes the 
proper rating of a varnish difficult is 
the fact that varnishes do not rate 
equally well in all three performance 
tests. A varnish which rates high in 
the cold-water and hydrogen sulfide 
tests is very likely to rate lower in the 
oil-moisture test and vice versa. It 
seems that the qualities which make 
the varnish resistant to the one test 
are not necessarily those which make it 
resistant to the other two tests. Why 
they group themselves in this manner 
and what can be done about it is not 
exactly known. Apparently the kind 
and amount of drier used is a factor 
in determining the way the varnish 
will react to the several tests. That is 


how development of the V75 drier 
specification, described later, came 
about. 


Because of these peculiarities in the 
way the varnish reacts to the several 
performance tests, it is often advisable 
to take into account where the paint 
is to be used in accepting or rejecting 
a varnish. If the paint is not to be in 
contact with oils, greases, and soaps, 
why put too much weight on that par- 
ticular test? In this manner a varnish 
ean often be accepted which is plenty 
good enough for the service to be ex- 
pected of it and time may not permit 
the making of another varnish which 
may or may not pass all three tests 
with flying colors. 

The three performance tests may be 
outlined as follows: 
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Preparation of the Samples 


For the cold-water and hydrogen sul- 
fide tests, 1 in. by 10 in.-steel tubes 
are prepared and coated; steel panels 
about 3 in. by 4 in. are used for mak- 
ing the oil-moisture test. 

These metal samples are first acid 
pickled to remove the oxide film. They 
are then washed thoroughly in distilled 
water, rinsed in dilute ammonia, and 
again rinsed in hot distilled water and 
wiped dry. They are then sanded to 
eliminate etching marks left by the 
acid pickling, then finally rinsed in 
benzol to remove any trace of oil and 
grease which may be present. 


Coating the Tubes 


The tubes are then dipped into the 
varnish and slowly removed from the 
bath by a clock device so as to secure 
a uniform coating. After 24-hr. drying 
at 70° F. a second coat is applied in 
the same manner. The second coat is 
allowed to dry seven days at 70° Fy 
before testing the varnish. The bot- 
toms of the tubes at the end of the 
second drying period are dipped in hot 
asphalt or paraffin for about 0.5 in. to 
protect the bottoms of the tubes during 
the test operations. 


Preparation of Sample for Oil-Mois- 


Test 


The steel panel cleaned as specified 
above is given one coat only of the 
varnish to be tested, making certain 
that there are no flaws, skips, or other 
imperfections left in the film. This 
film is allowed to dry seven days at 
70° F. <A border of ‘‘plasticine’’ is 
then built around the edge of the panel 
about 3/16 in. high, so that the speci- 
men surface of varnish forms the bot- 
tom of a shallow tray for receiving the 
oil-moisture test paste. 


ture 


Cold-Water Test 


A test tube prepared and coated with 
the varnish under test, as above de- 
scribed, is immersed 6 in. in distilled 
water at 21° C. for seven days, the sur- 
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face being examined for the effect of 
the test each day. 

At the end of seven days the film is 
required to be free of large blisters 
and heavily ‘‘pimpled’’ areas. Small 
areas or isolated pimples are ignored. 
The hardness and adhesion of the film 
on the soaked and the unsoaked ends 
of the tube are not to be markedly dif- 
ferent and after drying there is to be 
no difference except for the loss of ad- 
hesion to be expected under blisters. 
Severe blistering or discontinuity of 
surface is cause for rejection, as is also 
a marked reduction of gloss or whiten- 
ing of the soaked surface. 

The nature of the rust under the 
pimpled areas is also observed, whether 
of the characteristic brown color of fer- 
ric compounds—this being indicative 
that ample oxygen is passing through 
the film—or of a greenish or black color 
—this being characteristic of ferrous 
compounds and indicative of a limited 
amount of oxygen passing the film. 
The latter condition indicates a film 
that is less pervious, particularly to 
oxygen. 

Hydrogen Sulfide Test 

A test tube prepared and coated as 
above is immersed six inches in dis- 
tilled water in a closed jar at an ac- 
curately controlled temperature of 21° 
C. for five days. During this time hy- 
drogen sulfide is slowly bubbled 
through the water to keep it saturated 
with the gas at all times. The tube 
is examined daily to mark the progress 
of the attack on the film, noting the 
darkening of the varnish on the sub- 
merged end. The blistering, discon- 
tinuity of surface, softening, and for- 
mation of iron sulfide on the tube sur- 
face is also noted. 

Small blisters are to be expected, but 
there should be no general separation 
from the surface. A collection of wet 
iron sulfide or a considerable amount 
of dry iron sulfide powder under the 
film is considered unfavorable, although 
some staining of the steel is to be ex- 
pected. 
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Oil-Moisture Test 


Two mixtures are first prepared 
which are then added together for mak- 
ing the oil-moisture test. 


Solution A 
Linseed oil fatty acid 10 g. 
Oleic acid 40 g. 
Steam cylinder lubricating oil 50 g. 
Kerosene 100 g. 
Crisco 50 g. 
Lard 50 g. 
Castor oil 50 g. 
Cottonseed oil 50 g. 
Calcium stearate 20 g 


Heat mixture together gently and stir until 
homogeneous. 


Solution B 
Bentonite magma (see below) 50 g. 
American family soap 50 g. 


To make the bentonite magma, take 50 
g. of bentonite (U.S.P. Std. grade) in 
divided portions and sprinkle it into 
800 g¢. of hot distilled water, stirring 
each portion until the bentonite is uni- 
formly wet. (NOTE: Be sure to add 
the bentonite to the water and not the 
water to the bentonite.) Allow the 
mixture to stand, with occasional stir- 
ring, for 24 hr. Stir until a uniform 
magma is obtained. Add distilled wa- 
ter to make up the volume to 1,000 ce. 
and again mix thoroughly. 

To make solution B, dissolve the soap 
flakes in the magma and stir thor- 
oughly. 

To make the oil-moisture test paste, 
while solution A is still warm stir in 
solution B and continue stirring with 
a rapid mechanical agitator until the 
solution is cold and until a homo- 
geneous emulsion is formed. This 
paste can be kept as a stock solution 
for several weeks if stored in a re- 
frigerator at 40° F. 

The oil-moisture test is made by tak- 
ing the steel panel, which has been 
prepared with its plasticine dam built 
all round to form a shallow tray. Fill 
the tray with the oil-moisture test paste 
prepared as above and place the tray 
horizontally at room temperature (70° 
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to 80° F.) for five days. Examine the 
panel daily for signs of softening. At 
the end of five days there should be no 
marked browning or charring of the 
varnish film and no disintegration. A 
slight blistering or tendering is ignored. 


Technique for Making the Varnish 


Although the District does not defi- 
nitely specify the composition of the 
varnish and consider the physical tests 
to be the all important consideration in 
accepting or rejecting the varnish, it 
is thought generally advantageous to 
suggest to the manufacturer, if he asks, 
the composition and cooking procedure 
which in time past has proven most suc- 
cessful in producing an acceptable 
varnish. 

These instructions are not printed 
in the District specifications, but are con- 
veyed by word of mouth to the varnish 
maker if he seems interested in know- 
ing about it. No responsibility is as- 
sumed for the proper carrying out of 
these instructions, because varnish mak- 
ing is an art as well as a science. A 
perfectly good varnish can be spoiled 
by improper handling of the ingredi- 
ents in the kettle. 

The process which has _ usually 
proven to be most successful in the 
making of this varnish is as follows: 


1. Ingredients.— 

Oils —60% tung oil, 40% linseed 
oil (the linseed oil must be alkali 
refined, treated without bodying). 

Resin —100°% —para-phenyl-phenol 
resin (Bakelite BR 254). 

Length—25 gal. of above oils to 100 
Ib. of phenolic resin. 

2. Procedure.—Heat half of the 
resin in all of the linseed oil to 560° 
F. in 30 min. Hold at that tempera- 
ture for 1 hr. for body. (Some varnish 
makers think 90 min. of cooking at this 
point is better. The long cooking de- 
velops the maximum durability and 
water and gas resistance which is not 
inherent in normal linseed oil.) Check 
by adding the balance of the resin. 
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When all of the resin is melted, add 
the tung oil and heat to 465° F. in 20 
min. Hold at that temperature for 
body (4-in. string), which usually takes 
about 30 min. 

Remove from the fire and thin to 
M body and finally to D to E body on 
the Gardner-Holdt scale at from 50 to 
54 per cent varnish solids. The thin- 
ner used for this purpose must have a 
Kauri-Butano] value at or above 70 or 
it may ‘‘break’’ the varnish when it 
is added (see later discussion of thin- 
ners). 


Drier V75 for the Paint 


Laboratory tests indicated that the 
resistance to the three performance 
tests described was much affected by 
the type and amount of drier used. 
After trial the following was settled 
upon as a specification for the drier 
composition : 


“The drier shall be a light-colored naph- 
thanate of lead, manganese and cobalt in 
the hereinafter specified proportions, pro- 
duced by double precipitation, clarification 
and dehydration of the resulting metallic 
salts from naphthenie acid, and then thin- 
ning the precipitate to the specified metal- 
lie content by addition of a solvent having 
a Kauri-Butanol value of not less than 70. 
The thinned drier shall then have the fol 
lowing composition : 


Per Cent 
by Weight 
16.00 
0.16 
0.16 


Metallic lead 
Metallic manganese 
Metallic cobalt 


16.32 
83.68 


Total metal 
Other constituents and thinner 


“The drier shail be and remain com 
pletely soluble, clear and stable in the eon- 
tainer and shall be satisfactorily reactive 
without causing cloudiness when used in 
normal proportions in phenolic resin var- 
nishes such as V37.25.” 

It should be pointed out that this 
drier is specifically designed for use in 
the V37.25 varnish vehicle and may not 
be so suitable for other vehicles. 
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Thinner for the Paint 


Because phenolic resin varnishes 
have certain limited ‘‘tolerances’’ for 
low solvency materials, such as min- 
eral spirits and kerosene, beyond which 
percentage one cannot go without 
‘‘breaking’’ the  resin-oil chemical 
union formed in the kettle, the disrup- 
tion destroying the value of the var- 
nish as a paint vehicle, the Sanitary 
District, therefore, requires that in 
making the paint the paint maker shall 
thin the paint as necessary with a sol- 
vent consisting of 90 per cent hydro- 
genated petroleum naphtha (Enjay No. 
2) having a Kauri-Butanol value of 
not less than 73, and 10 per cent nor- 
mal butyl alcohol. 

If then, mischanee, the 
painter in the field adds mineral spir- 
its or kerosene to the paint (which he 
is not supposed to do), he is less likely 
to exceed the tolerance of the varnish 
as made. 

For thinning in the field, if that be- 
, it is specified that the 
painter shall use another hydrogenated 
petroleum naphtha (Enjay No. 8), 
which is somewhat slower evaporating 
than that used in making the paint 
and has a Kauri-Butanol value of not 
less than 68. (Mineral spirits has a 
Kauri-Butanol value of about 31, 
whereas kerosene has a Kauri-Butanol 
value of about 29.) 


by some 


comes necessary 


Wetting Agent 


Phenolic-tung oil varnishes are noted 
for their poor wetting of the steel. It 
is often difficult to get them to bond 
well to the metal, particularly when 
there is a film of moisture on the sur- 
face when the paint is applied. To 
overcome this difficulty some linseed oil 
is used in the cooking of the varnish, 
which greatly improves the bonding 
qualities. Considerable work has also 
been done with various wetting agents. 

At one time coco-amine-acetate, a 
product of Armour and Company, of 
Chicago, marketed under the trade 
name of ‘‘Armae C©,’’ was used. The 
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coco-amine-acetate proved to be very 
effective as a wetting agent. A paint 
in which it was used seemed to wet 
even damp steel very well and caused 
the paint to adhere firmly. Neverthe- 
less, it was found that it ecouldn’t be 
used advantageously, for when it was 
ground into the paint it caused the 
varnish to polymerize and the paint 
hardened in the cans. It was then 
made up in a solution such that when 
4 oz. (liquid) of the solution were 
added to a 5-gal. can of paint, the 
paint would contain the required 0.5 
per cent coco-amine-acetate based upon 
the non-volatile of the varnish. Un- 
fortunately, the coco-amine-acetate can- 
not be kept in metal. It was necessary 
then to supply it in glass bottles, which 
were, of course, very easily broken. 
Therefore, this particular addition 
came to be considered to be rather 
impractical from a painter’s stand- 
point. After further investigation 
lecithin added to the grind was settled 
on as the most satisfactory wetting 
agent. Lecithin is marketed under the 
trade name of ‘‘Yelkin TTS’’ by Rose 
& Rowe, Inc., 50 Broadway, New York, 
N. Y. This material can be mixed into 
the paint at the factory without any 
danger of polymerization reactions. 
There is a possibility, however, that 
the polar nature of the lecithin will 
lower the water resistance. There is, 
therefore, considerable need for more 


work to be done on this interesting - 


subject. 


Top Coats 
General 


Under this heading are discussed 
those paints which are more particu- 
larly suited to the use on steel over 
the previously described drying oil 
primers, although some of these paints 
used directly on metal without inter- 
position of a primer are incidentally 
touched upon. It is, of course, impos- 
sible to fully cover this large subject. 
All that can be hoped for is to point 
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out some of the more important factors 
governing their proper selection. 

Top coats serve in the following ca- 
pacities : 


1. Simply to protect the prime coat 
(as, for instance, from the full effect 
of the oils, greases, and soaps, and 
from the abrasion of floating matter in 
a submerged location). 

2. Simply to decorate the surface (as 
in an office or laboratory). 

3. Both to protect the prime coat 
and to decorate the surface (as, for in- 
stance, outside in the sunlight, where 
the decorative coats shield the varnish 
of the prime coat from the effects of 
actinie light; also in a screen chamber, 
where the decorative coats protect the 
prime coat from the full effect of the 
atmospheric moisture and hydrogen 
sulfide). 


Bituminous Coatings 


Bituminous coatings of various kinds 
have been used for ages on both iron 
and steel, but usually without inter- 
position of a prime coat. (In this 
sense, mention of a prime coat does 
not include the application of a clear 
coat of bitumen, which is sometimes 
used to make a heavier coat bond bet- 
ter to the surface. The prime coat 
referred to is of the nature of SDC No. 
251, which is used to inhibit corrosion. ) 

Bituminous materials are supplied in 
four different forms: 


1. As a hot coat material. 
2. As a cutback paint. 

3. As an asphaltic varnish. 
4. As a water emulsion. 


Hot Coats 


Most engineers are familiar with the 
hot tar dip prescribed by the American 
Water Works Association for use di- 
rectly on the metal of cast-iron pipe. 
Engineers know from experience that 
this coal tar dip, in most situations, 
provides excellent protection to the 
metal, especially in underground work. 

In fact, it may be said generally that 
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if a heavy hot coat of either coal tar 
or asphalt could be uniformly applied 
without pinholes or flaws and if that 
coating material could be designed so 
that it would remain intact without 
alligatoring, cracking, or flowing, it 
would provide about the best protec- 
tion that could be found for under- 
sewage work, because these hot coat 
materials, although they may be some- 
what softened, are not seriously af- 
fected by the oils, greases, and soaps 
of sewage and resist damage by float- 
ing debris very well. Unfortunately, 
these high ideals are not usually at- 
tainable. Coal tar tends to alligator 
and flow in hot weather and crack in 
cold weather when the water level is 
drawn down for some reason or other, 
and asphalts by nature are not entirely 
water- and gastight, although 
thick coatings approach tightness. 

When the article to be coated can be 
dipped in hot bitumen, as is the cast- 
iron pipe, or where the hot material 
can be spun on the interior, as is often 
done in a large pipe, applying it in 
considerable thickness, the coating 
can, with care, be made almost perfect, 
uniform, even, and free of pinholes, 
skips, and other flaws. However, to 
apply a hot coat to steel construction 
already erected, the hot material must 
be daubed onto the surface. Sanitary 
District experience has been that even 
when using experienced workmen it is 
very difficult to daub on a hot coat in 
this way without leaving pinholes and 
flaws, which can be detected by an 
electric brush drawn over the surface. 

It must be remembered that hot bi- 
tuminous coatings, or in fact any other 
type of bituminous coating, protect the 
steel only by being water- and gas- 
tight. If they are not water- and gas- 
tight they cannot protect, for they 
furnish no inhibition of corrosion such 
as do prime coats containing zine or 
lead chromate. 

It is important, therefore, that bi- 
tuminous coatings be quite thick and 
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that they be applied as a solid, con- 
tinuous film over the surface. 

The District has never tried apply- 
ing a hot bituminous coating over a 
drying oil primer such as SDC No. 
251, but there should be no difficulty 
in doing this if the volatile in the 
primer has all evaporated and also, pro- 
vided the prime coat has not absorbed 
moisture. If there is volatile or mois- 
ture present the hot coat will vaporize 
it and blister the hot coat from the 
surface. Moreover, the hot coat should 
not contain aromatic substances which 
will cause lifting of the prime coat. 
Although such a combination would 
likely be quite expensive, it undoubt- 
edly, if well done, would afford long 
life. It should, however, be tried out 
experimentally on a small scale before 
attempting to use the plan extensively 
on all submerged surfaces. 


Cutbacks 


From the standpoint of the protec- 
tion afforded, cutbacks are by far the 
poorest of the four types of bituminous 
coatings. Although they often display 
a bright and pleasing appearance, they 
are almost never water- and gastight. 

Cutbacks have two faults. In the 
first place, the solvent used, partieu- 
larly in the coal tar cutbacks, is very 
likely to lift the prime coat and thereby 
greatly diminish its usefulness. In the 
second place, cutbacks harden by 
evaporation of the solvents and thin- 
ners. As the volatile leaves the coating, 
the bitumen, which is left behind, be- 
gins to stiffen, particularly on the sur- 
face, where it forms a skin coat. The 
volatile then forms concentration cen- 
ters, to which the remaining volatile 
drains to escape. These points of 
thinner concentration are the last places 
in the film to dry up. As the bitumen 
is freed of the volatile it shrinks, be- 
cause of a reduction of volume, and as 
it shrinks it draws away from the cen- 
ters of thinner evaporation so that in 
the end when the film is wholly dry 
these vorticies remain as little wells, 
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which do not close up because the bitu- 
men by that time is too stiff to flow back 
into the holes. The film, as a conse- 
quence, remains pervious to water and 
gas. 


Asphaltic Varnishes 


Asphaltic varnishes are made _ by 
cooking gilsonite, wurtzilite, or elaterite 
(which are ancient solidified forms of 
asphalt) with tung oil or linseed oil or 
combinations of the two and then thin- 
ning to working consistency. They are 
true varnishes, for the asphalt reacts 
as a kind of resin to combine with the 
drying oil. 

The varnish films, when dry, are 
quite waterproof, but are rather sensi- 
tive to oils, greases, and soaps. There- 
fore, they are not suited to under- 
sewage work, although they make fairly 
good black paints for use inside, even 
in rather damp locations. They are 
not so satisfactory for outside painting, 
because of the action of sunlight. 

Moreover, many of the gilsonite var- 
nishes, and perhaps some of the other 
types, do not keep well in the cans. 
The user, if he intends to store them 
for more than 30 days, should make 
sure that they will not solidify in the 
cans by after-polymerization. 


Bituminous Emulsions 


Bituminous emulsions are usually 
dull and uninteresting in appearance. 
They are, however, quite water- and 
gastight when dried in thick coatings. 
They harden by precipitation of the 
bitumen when the emulsion ‘‘breaks.’’ 
In hardening they solidify from the 
bottom up, so that there is no tendency 
to form pinholes as is the case with eut- 
backs. They, therefore, present a solid, 
uniform, and continuous film when dry. 
Neither do water emulsions lift the 
prime coat as do some of the cutbacks, 
as the water is not a solvent for the 
primer. 

In submerged conditions the Sani- 
tary District has found use for a great 
deal of fibrated asphalt emulsion of 
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the clay type as a top coat over the 
prime coat, but the emulsion, it has 
been found, must dry for at least two 
weeks and preferably for a month be- 
fore it is submerged or it will re- 
emulsify. 

Soap emulsions have not proved to 
be as good as are the clay type in sub- 
merged conditions. So-called chemical 
emulsions, where the emulsifying agent 
is made very small in percentage, are 
also said to be suitable for submerged 
conditions, but the Sanitary District 
has never used them. 

In making the emulsion it is specified 
that the clear emulsion, in addition to 
the bitumen and the clay required for 
its emulsification, shall contain 10 per 
cent by weight zine oxide (powdered 
variety is acceptable). Zine oxide is 
used not only to keep the emulsion 
alkaline so that it does not so easily 
re-emulsify, but also that zine may be 
present to arrest any hydrogen sulfide 
which may try to penetrate the film to 
the steel. Lime would do just as well 
as zine oxide to keep the film alkaline 
and would be considerably cheaper, but 
lime does not form a stable compound 
with hydrogen sulfide in water so that 
it would not fix the H,S as does the 
zine oxide. 

To this clear emulsion asbestos fiber 
is addéd in amount equal to 13 per 
cent of the total weight to make the 
asphalt cling better together when the 
emulsion is being applied in a heavy 
coat and also make it remain in place 
better when it is softened by the oils, 
greases, and soaps of sewage. Two 
grades of fiber are used, one-third be- 
ing what is commercially known as 
‘“‘7_M’’ grade and two-thirds being 
what is called asbestos pulp or float. 

In 1935, during construction, the in- 
side surfaces of vacuum filter tubs at 
the Calumet sewage treatment works 
were covered with asphalt emulsion 
made in this way. It was applied over 
another priming paint, which was simi- 
lar to SDC No. 251. These filter tubs 
required no resurfacing for about seven 
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years, even though the sludge handled 
during the interim was acidified by 
ferric chloride to a pH of 3.0. 

Only once has a tar emulsion been 
tried in District work and that time 
it was a failure. The emulsion was 
applied on lock gates at the mouth of 
the Chicago River in the dead of 
winter. The steel was heated before it 
was painted and the coal tar coating 
was dried by radiant heat so that the 
coal tar emulsion appeared to be well 
applied and thoroughly dried. The 
coating, however, did not adhere well, 
and came loose in spots in fair-sized 
patches during the next spring. 

The exact cause of this failure was 
never definitely ascertained, but it was 
suspected that the anti-freeze which the 
manufacturer first used on this job 
had something to do with the emulsion 
coming loose. Theoretically, however, 
coal tar emulsions should be better than 
are asphalt emulsions in these sub- 
merged locations. 


Pigments for Decorative Paints 


Before taking up decorative paints 
in detail, it will be well to consider 
first the suitability of various pigments 


for use in such paints. The number 
of pigments that ean be used for sew- 
age works paints is rather limited be- 
cause sewage gas, and especially hy- 
drogen sulfide, reacts chemically with 
many of the pigments to change their 
color. Carbon dioxide, also a constitu- 
ent of sewage gas, also reacts with 
some of the pigments to change their 
color. 


From an aesthetic point of view, 


therefore, these effects must be ecare- 
fully considered in choosing pigments 
for making decorative paints and that 
means choosing the color scheme for 
painting the plant with the thought in 
mind of the availability of suitable pig- 
ments to make the chosen colors. To 
cite a few instances: white lead (lead 
carbonate), chrome yellow (lead chro- 
mate), and chrome green (a mixture 
of chrome yellow and Prussian blue) 
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are all darkened by hydrogen sulfide, 
which reacts to form a dirty slate- 
colored lead sulfide. Even lead sulfate 
is darkened in this way to some extent, 
but not to the extent of the carbonate. 

Iron hydrates, such as yellow ochre 
and ferrite yellow, also darken with 
this same gas because they form fer- 
rous sulfide. On the other hand, 
cadmium yellow, which is one of the 
best yellow pigments available, is 
slowly changed from yellow cadmium 
sulfide to white cadmium carbonate 
from its reaction with the carbon di- 
oxide of sewage gas. Cadmium sulfide, 
therefore, tends to fade. 

It is desirable, therefore, to know 
something about the behavior of the 
various pigments when they are con- 
tacted by sewage gas, or the architect 
will be disappointed with the result of 
his painting when he comes to look at 
the work several weeks after the paint- 
ing is finished. 

Although it may not be complete, 
the following list of pigments is_ be- 
lieved to include all of the common 
color pigments that have been found 
satisfactory for use in decorative paints 
about a sewage works: 


Whites—Zine oxide, zine sulfide, ti- 
tanium dioxide, and most of the 
derivatives produced by ‘‘let- 
ting down’’ these whites by 
means of barytes or caleium sul- 
fate. Antimony oxide tends to 
yellow a bit with hydrogen sul- 
fide. 

‘So far as is known, none of 
the blacks are affected by sew- 
age gas. 

Oranges and yellows—Cadmium and 
selenium sulfides are probably 
the best of the orange and yel- 
low pigments, except that the 
cadmium sulfide may fade a bit. 
Hansa yellow is stable; interna- 
tional orange (dinitroaniline) is 
also quite stable. None of the 
other oranges and yellows are 
very stable, so far as is known. 


Blacks 


‘ 
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Greens—Chrome oxide green is an ex- 
cellent color not affected by sew- 
age gas. It must be distinguished 
from the so-called chrome greens, 
which are badly affected by the 
sewage gas. Chrome oxide in a 
paint applied in damp weather 
may display a slowing up of the 
drying, but when the paint fi- 
nally does dry it will be found 
to be very hard and tough. This 
is because chrome oxide itself is 
a drier, although a rather slow- 
acting one. Why the drying is 
slowed up in damp weather the 
writer does not know. 

Blues—There are no very good blues. 
The best one is probably the 
copper (phthalacyanine 
blue), but this blue is rather 
transparent. Ultramarine blue 
may be used in inside paints, 
but in sunlight a change in the 
crystal structure takes place, 
which changes the color. 

Reds—Practically all iron oxide reds 
are stable. Toluidine red is 
also quite stable in mass, but 
tends to fade when ‘‘let down’’ 
with blane fixe or other inert. 

Browns and grays—Any derived color 
which can be made of any com- 
bination of the above color pig- 
ments will almost certainly be 
stable. Of course, dark shades 
of gray and brown show less 
darkening by hydrogen sulfide, 
even though some of the pig- 
ments may be affected. 


Metallic Powders and Pastes 


Aluminum—Turns slate-color due to 
formation of aluminum hydrox- 
ide, which is white, and the pres- 
ence of impurities like copper, 
which darken it. 

Zine—Whitens, due to the formation of 
zine oxide and zine sulfide. 

Bronze—Blackens, due to the forma- 
tion of brown-black copper sul- 
fide. 

Chrome—Unaffected. 
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Pastel Shades 


A word with regard to the use of 
pastel shades about a sewage works. 
Pastel shades of necessity include a con- 
siderable amount of white and the only 
whites which can be used are zine oxide, 
zine sulfide, antimony oxide and titan- 
ium dioxide and their let down deriva- 
tives. Ifthe zine or antimony oxide pig- 
ments are used in excess, there is likely 
to be an excessive amount of hardening, 
which often results in peeling of the 
paint or the formation of diamond or 
D-shaped cracks. In either case, the 
painting will be unsatisfactory. On the 
other hand, titanium dioxide pigments 
tend to go soft and chalk, particularly 
in outside paints. When a paint chalks 
the tint tends to fade, so that titanium 
paints are not generally considered to be 
amenable to tinting in outside paints. 
Inside paints, however, can be tinted. 

There are two types of titanium di- 
oxide available. Their difference is 
caused by differences in the erystal 
structure. The anatase pigment is in- 
tensely white, but is a very bad chalker. 
Because of its high tinting strength 
and its good hiding power, however, the 
anatase variety is generally selected for 
use in-inside white enamels. On the 
other hand, the rutile variety of ti- 
tanium, dioxide is less strongly white, 
but is much less subject to chalking. 
It, therefore, is much better fitted to 
use in outside paints and to use in 
tinted paints. Some anatase pigment, 
however, is now being treated with 
antimony oxide to make it chalk re- 
sistant. Antimony oxide itself is too 
expensive to use in any great amount 
in the paint. 

It is customary in formulating a 
white paint to make at least 25 per 
cent of the pigment zine oxide when 
titanium dioxide is being used. The 
zine hardens the paint so that the 
chalking is less pronounced, whereas 
the titanium pigment prevents the 
cracking and peeling incidental to the 
use of zinc. The Sanitary District 
uses 35 per cent acicular zine oxide in 
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its outside white paints and also speci- 
fies use of the rutile type of titanium 
dioxide. No attempt is made to tint 
these white outside paints, except for 
gray. Although the chalking is con- 
siderably reduced by means of the zine 
and use of the rutile type of titanium, 
some chalking nevertheless will persist 
in outside paints so colors will always 
tend to fade. 

Inside, however, pastel shades can 
be very well made from the above mix- 
ture, provided the tinting pigments 
themselves are immune to the sewage 
gas. 

Inside and Outside Top Coats 

The problem of color permanency in 
decorative paints has already been dis- 
cussed. This particular section takes 
up the use of some of the inerts, and 
especially the types of vehicles which 
can be used in inside and outside 
paints. 

Outside paints require a vehicle that 
will hold its elasticity over long pe- 
riods of time when exposed to sunlight 
and weather. The Sanitary District 
uses linseed oil with about 25 per cent 
phenolic varnish to harden the paint. 

Moreover, the late Glenn H. Pickard, 
a consulting chemist for many years 
in Chicago, who made a business of ad- 
vising paint and varnish makers as to 
their products, used to say that the 
more heat treatment given the linseed 
oil (within certain limits, of course), 
the more durable that oil will become 
when used in outside paints. How- 
the heat treatment is in- 
creased, the viscosity of the oil also in- 
Experience has shown that 
even when the body is as little as 
on the Gardner-lHoldt scale the 
paint ‘‘pulls,’’ as the painters say, and 
no kind of diluting with other oils or 
varnishes or use of solvents of the 
most potent strength will eliminate the 
pull once it has been established. 

The Sanitary District found by ex- 
periment that it could have the oil 
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treated to ‘‘M’’ body without causing 
complaint from the painters. There- 
fore, all the linseed oil in outside paints 
is made with ‘‘M’’ body linseed oil. 

The inerts in outside paints are usu- 
ally mica (usually water ground) 10 
per cent, diatomaceous silica 5 per cent, 
and asbestine 5 per cent. Chrome ox- 
ide has been found to be an excellent 
color pigment for painting building 
trim, doors, and windows. For certain 
purposes, grays, based upon rutile type 
titanium dioxide and zine oxide tinted 
with carbon black, are used. 

Outside aluminum paints are also 
much used; made, however, entirely of 
a 35-gal. phenolic varnish very similar 
to the V387.25 varnish already de- 
scribed. Since the vehicle is protected 
from actinie light by the aluminum 
flakes, the elasticity of the varnish is 
retained in this ease. The District likes 
aluminum paints for use on bridges, 
outside surfaces of steel tanks, outside 
handrails and valve stands, and on the 
exposed metal parts of mechanisms 
which extend above the water in con- 
erete tanks. It is a very satisfactory 
outside paint, as is the chrome oxide 
green. 

For inside paints a 35-gal. phenolic 
varnish is used for the entire vehicle in 
all paints, because the vehicle must re- 
sist moisture and acids on inside struc- 
tural steel surfaces and especially on 
the inside surfaces of outside doors and 
windows. <A hard paint is also needed 
for painting inside handrails, benches, 
and tables. If conditions are very bad, 
perhaps a 25-gal. length varnish for the 
vehicle would be even better for these 
inside paints than is the 35-gal. var- 
nish, 

In addition to mica and asbestine, 
a percentage of a treated calcium car- 
bonate known commercially as ‘‘Sur- 
fex’’ is often used to increase the gloss 
of inside paints. Surfex should not 
be used in outside paints. The color 
pigments are much the same as for 
outside pigments, although the shades 
are usually changed somewhat. 
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Machine Enamels 


The engineer often wants his larger 
and more showy equipment (pumps, 
motors, blowers, and the like) to have 
a high gloss. This requires use of what 
is called an enamel. The principal dif- 
ference between an ordinary paint and 
an enamel is that a paint is designed 
for durability and protection, whereas 
the enamel is designed for appearance. 
Usually the pigment volume is some- 
what reduced in the enamel, but the 
same effect may be accomplished some- 
times by choosing pigments that have 
a low oil absorption. For instance, 
with certain vehicles the organo-treated 
calcium carbonate pigment ‘‘Surfex’’ 
will add considerably to the gloss. It 
is necessary to keep away from asbes- 
tine and any pigment which tends to 
flatten the paint. Mica is a good pig- 
ment in enamels if used with discretion. 

Machine enamels must be very flex- 
ible, as the machine temperature is 
often subject to wide swings, as be- 
tween the cold end of a blower or pump 
in winter and the hot end of the 
blower in summer. They must also be 
resistant to the lubricating oils and 
greases, and particularly to the oil 
which a mechanic likes to use to wipe 
off the dust and dirt from his machine. 
On a steam turbine the enamel must 
withstand steam leakage, and perhaps 
a temperature up to 350° F. on unin- 
sulated trim. It must also withstand 
blows from wrenches and other tools 
and abrasion from other equipment 
coming in contact. 

The Sanitary District uses a 20-gal. 
phenolic varnish like V37.25 for the 
vehicle of these enamels. If, however, 
the enamel still does not produce the 
gloss which the operator thinks he 
ought to have, a clear coat of the same 
20-gal. varnish is sometimes added 
over the enamel. 


Vacuum Filter Drums 


A problem engaging the District’s 
attention in recent years has been the 
proper painting of the metal parts of 
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the filter drums used to dewater the 
acidified sewage sludge. These drums 
revolve in the acidified sludge so that 
the metal parts must be kept well- 
painted to protect them from corrosion. 
However, most paints permit the 
sludge to adhere to the painted sur- 
face in great gobs, so that the drums 
come to look very unkempt. It has 
been found that when a vinylidene 
paint was used on the metal the sludge 
would free itself from the surface and 
the drums would look a lot cleaner and 
tidier. 

Vinylidene paints are made from 
resin produced by the Dow Chemical 
Company. They must be applied to a 
surface that is perfectly free of all old 
paint, scale, and organic coatings, but 
the surface does not need to be sand- 
blasted if already free of mill scale and 
paint. (A special solvent is used to 
wash the surface before painting.) A 
peculiarity noted of these paints is 
that black-colored coatings seem to ad- 
here better to the steel than do the 
lighter-colored coatings. The reason 
for this is not known. 

Vinyl coatings, such as are described 
in the next section, have also been 
found to clean themselves. However, 
they must include a somewhat more 
thorough cleaning of the surface than 
do the vinylidene paints, preferably by 
sandblasting before the wash primer is 
applied. 


The Vinyl Coating System 


Because the so-called Wash Primer 
Vinyl Coating System, originated and 
developed during World War II by the 
Bakelite Division of the Union Carbide 
and Carbon Corporation for use on 
ship bottoms and now extensively used 
by the War Department on its Ohio 
and Mississippi River work, has been 
so outstanding as a protective coating 
where the conditions are as bad as they 
are on the under side of the roof of 
an outside steel water tank and also on 
the metal equipment and steel construe- 
tion in a screen house or a grit chamber 
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and on the metal parts of a vacuum 
filter drum, it is thought that it will 
be helpful if this system is described 
in some detail. The description must, 
of necessity, be brief. Those who want 
to use the system should contact the 
Bakelite Corporation for full instrue- 
tions and advice as to the maker. 

The system is made up of three dif- 
ferent paints, each serving a different 
purpose and applied in a specified or- 
der. In describing these paints the 
Sanitary District designations are 
used. 

SDC No. 232 is the wash primer. 
It is shipped as two separate solutions, 
which must be mixed together just be- 
fore the paint is applied and the ap- 
plication must be to an absolutely clean 
steel surface. This means that in most 
cases the steel must be sandblasted or 
pickled. Base Solution A contains the 
vinyl resin and the zine chromate; 
while Reactive Solution contains 
phosphorie acid, which reacts both with 
the steel and with the resin of the 
paint to afford both a physical and a 
chemical bond to the steel. For that 
reason the steel must be absolutely 
free of all scale and paint, which would 
interfere with this chemical action. 

The dry thickness of the wash primer 
should be between 0.3 and 0.5 mils. 

SDC No. 233 is the intermediate coat 
material. It must be interplaced be- 
tween the wash primer (SDC No. 232) 
and the copolymer top coat (SDC No. 
234) because the latter will not bond 
to the former, but will bond to the 
intermediate coat (SDC No. 233), and 
the intermediate coat will bond satis- 
factorily to the wash primer. 

The dry thickness of the intermedi- 
ate coat should be between 3 and 4 
mils. 

The top coat, SDC No. 234, is the 
well-known copolymer of vinyl chlo- 
ride and vinyl acetate, which affords 
the high resistance of the system to 
untoward conditions. It is usually ap- 
plied in several coats and may be of 
various colors. 
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The total dry thickness of the top 
eoat (SDC No. 234) should be be- 
tween 3 and 5 mils, except that in sub- 
merged conditions the dry thickness 
should be doubled. 


Unsolved Problems 
General 


Among other things, there are three 
unsolved problems which have been 
worked on in recent months. These 
are: 


1. A putty suitable for use on steel 
sash in a sereen house or a grit cham- 
ber to contend with moisture, hydrogen 
sulfide, carbonic acid, and sulfurous 
and sulfurie acids. These acids tend 
to saturate the putty when it is used 
on the sash if it is not very resistant. 
Linseed oil putties normally used for 
glazing are particularly bad in that 
they are quickly hydrolyzed by the 
moisture and the acids attack the metal 
underneath the saturated putty pad. 

The glazier wants a putty which he 
can roll out into a long string and 
then apply to the sash with long strokes 
of his knife. Varnish cannot be satis- 
factorily used for making the putty 
because the putty becomes too sticky 
to handle in this fashion. How then 
can the putty be formulated so that it 
will resist these corrosive conditions 
and still be acceptable to the glazier 
whose cooperation is needed for doing 
the best job? 

2. Machine filler. A suitable ma- 
chine filler is also needed. A filler 
is similar to a putty, but must be sus- 
ceptible to being smoothed out into an 
even sheet from thick to thin in such 
a way as will fill up the irregularities 
in the metal. It must not crack in 
drying and must lend itself when dry 
to smoothing with sandpaper. When 
finished it must be hard and adherent. 

It has been found that under certain 
conditions the machine filler will blis- 
ter off from the machine surface in 
large sheets. This is thought to be 
due either to volatile from the filler 
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being trapped before it has had time 
to escape from the filler when the top 
coats of paint are added, or else the 
oils which the mechanic uses to wipe 
off his machine in time penetrate 
through and saturate the filler. 

In either case, when the machine 
goes into operation and heats up, the 
solvent or oil is volatilized, and the gas 
thus formed lifts the filler and paint 
from the surface by forming large 
blisters. 

If there is any way of making the 
filler so that it can be easily applied 
and still avoid this blistering of the 
surface, the District wants to know 
about it. 

3. Dust repellent coatings. At the 
sludge drying plant at the South West 
sewage treatment works there is a great 
deal of both organie and inorganic 
dust. This dust has been observed 
clinging to the walls and ceilings and 
to the metal parts of the building in 
great blankets. The particles appear 
to orient themselves in some way, for 
they appear to stand perpendicular to 
the surface like the deep pile of a 
carpet. Whether they are held there 
by a static charge, a magnetic attrac- 
tion, or simply by mechanical attach- 
ment, is not known. 

Aluminum-painted surfaces seem to 
be considerably worse at attracting the 
dust than is the SDC No. 251 primer. 
Yet experiments so far conducted do 
not indicate that there is any great 
difference between paints made either 
with the same pigments and different 
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vehicles or with different pigments and 
the same vehicle. Treatment of the 
surface of some of the test panels with 
an amine seemed to increase the amount 
of the coating. 

Is there any vehicle or pigment or 
surface treatment which can be used 
or applied that will reduce the amount 
of this dust collection so that the sludge 
drying plant will look tidier? 
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FLOW OF AIR IN PIPES * 


By Arruur A. LEMKE 


Hydraulic and Sanitary Engineer, Chicago Pump Company, Chicago, Ill. 


The primary objectives of this paper 
are: 


1. To introduce a new air friction 
chart for flow of air in pipes, prepared 
for usage in the selection of air mains 
for the activated sludge process of 
sewage treatment. 

2. To expound the theory and de- 
velopment of the chart. 

3. To compare the results of this 
chart with numerous existing charts 
and formulas. 


The need for developing a new chart 
became apparent from the considerable 
discrepancy in the results of various 
charts and formulas, especially in 
larger pipe sizes. The discrepancy in 
the results of various charts and 
formulas may be due, in part, to the 
fact that many of them do not specify 
the type of pipe surface to which they 
are applicable; and, in some cases, 
there is no distinction between free 
and compressed air. Some of the 
charts and formulas were intended to 
be used in a range of temperatures and 
pressures much higher than encoun- 
tered in aeration for the activated 
sludge process of sewage treatment and 
others at temperatures and pressures 
much lower. 

Some of the charts, although based 
on sound technical information, are not 
in a convenient form to use because 
friction losses are given in terms of 
standard free air conditions. This 
necessitates additional calculations to 


*An abstract of part of a thesis sub- 
mitted to the University of Wisconsin in par- 
tial fulfillment of the requirement for the 
Professional Engineering Degree, Civil Engi 
neer. 
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correct for the effect of a different den- 
sity of air at flowing conditions. 

These are some of the reasons why 
it was decided to develop a new chart, 
which would be based on the best avail- 
able technical information, which 
would apply to the range of tempera- 
tures and pressures desired, which 
could be supplemented by a table of 
correction factors to make the chart 
applicable to various types of pipe sur- 
faces, and which would be in a con- 
venient form for obtaining the friction 
loss at any temperature and pressure 
encountered without applying addi- 
tional corrections for flowing condi- 
tions. The chart given in Figure 1 is 
the fulfillment of these aims. 


Development of Chart 

Formula for Flow of Air in Pipes 

One of the most common of various 
formulas for determining head loss due 
to friction under conditions of turbu- 
lent flow of fluids in pipes is the ra- 
tional Darcy formula (also known as 
Weisbach’s or Fanning’s formula) : 


hy f D: (1) 
in which 


h; = loss of head due to friction, in feet 
of fluid flowing in the pipe; 

f =a friction factor, determined ex- 
perimentally, depending upon 
Reynolds’ number, the diameter 
of the pipe, and the inside bound- 
ary material of the pipe; 

L = length of pipe, in feet; 

D = internal diameter of pipe, in feet; 

v = mean velocity of flow, in feet per 
second; and 

q = the acceleration of gravity, taken 
as 32.2 ft. per sec. per sec. 
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It has been proved experimentally 
that Eq. 1 may be used for problems 
dealing with the flow of air or gases, 
whether highly compressed or not, as 
long as the drop in pressure along the 
line is only a few per cent of the total 
pressure (1). It is estimated that ac- 
curate results can be obtained even 
when the pressure drop is as high as 
10 per cent of the final pressure in a 
section of pipe (2). Thus, the formula 
should be applicable to air mains at 
sewage treatment plants where, in any 
section of pipe, the pressure drop is 
usually well within such limits of ap- 
plication. 

The formula as given, however, is 
not expressed in convenient units for 
application to air flow problems; there- 
fore, it was modified to the form: 


yp? 
hio = 3.58 fez (2) 


in which the new terms are 


hioo = head loss or pressure drop due to 
friction per 100 ft. of pipe, in 
inches of water; 

p = density of air at flowing condi- 
tions, in pounds per cubic foot; 
and 

d = diameter of pipe, in inches. 


This is the formula upon which Figure 
1 is based. 


Theory and Development of Chart 


The application of the above formula 
in the preparation of the chart is sum- 
marized briefly as follows: 

1. In order to obtain the mean ve- 
locity of flow, v, under actual flowing 
conditions, it was necessary to convert 
free air volumes, or rates of flow, to 
compressed air volumes by using the 
general law for gases, 


Volumes were expressed in cubic feet 
per minute; pressures, in pounds per 
square inch, absolute; and tempera- 
tures in absolute units. Using the com- 
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pressed air volume, or rate of flow, the 
mean velocity in the pipe was found in 
feet per second units. 

2. The density of air, p, expressed in 
pounds per cubie foot at flowing con- 
ditions, was computed from the follow- 
ing equation (2) derived from the laws 
for perfect gases: 


P’ is expressed in pounds per square 
inch, absolute, and 7” in °F. absolute; 
R is a gas constant (= 53.3 for air) 
(3). 

3. The friction factor, f, a dimension- 
less and experimentally derived quan- 
tity, is a function of Reynolds’ number, 
the inside diameter of the pipe, and 
the inside boundary material of the 
pipe. The effect of the latter two items 
may be considered together in a term 
called the ‘‘relative roughness’’ of the 
pipe. 

Reynolds’ number, a dimensionless 
quantity, can be expressed as the prod- 
uct of the mean velocity of flow, in 
feet per second, and the internal di- 
ameter of the pipe, in feet, divided 
by the kinematic viscosity of the fluid, 
in square feet per second. Values of 
kinematic viscosity were based on Fig. 
ure 2, which has been reproduced from 
Transactions, A.S.M.E. (4). It will be 
noted that there are two curves for air: 
one at atmospheric or 0 Ib. per sq. in. 
gage pressure; the other at 100 lb. per 
sq. in. pressure. Values of kinematic 
viscosity for pressures between these 
curves were computed by proportion, 
knowing that, at any given tempera- 
ture, the kinematic viscosity varies in- 
versely as the air density (5). 

The relative roughness of the pipe, 
which is the other item upon which the 
friction factor depends, is found in 
Figure 3 and is expressed as the ratio 
«/D, in which ¢ is a measure of the © 
absolute roughness of the pipe and D 
is the diameter of the pipe, in feet. 
Figure 3 was reproduced from Trans- 
actions, A.S.M.E. (4). The absolute 
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VELOCITY HEAD 
INCHES OF WATER CUBIC FEET OF FREE DRY AIR PER MINUTE 
60°F, 29.98" MERCURY, 1 *0.0764L8S 

EXAMPLE: 
RATE OF FREE AIR ........ 14,000 
DIAMETER OF PIPE... ..... 2416S. 
MEAN TEMP OF AIR IN PIPE . 120°F 


MEAN GAGE PRESSURE... .. . PER SQ. IN. 
PRESSURE OROP IOOFT. . . 0.67 INS. OF WATER 


FIGURE 1.—Flow of air in pipes. 


(Copyright 1945 by Chicago Pump Co.; 
reprinted by permission. ) 
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NOMINAL DIAMETER OF PIPE IN INCHES 


ASPHALTED CAST-IRON PIPE—3 TO 64 INCHES 
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FIGURE 1.—(Contin 


coating the inside surface of a pipe, 
gave the same friction loss under test 


as a standard pipe surface. 


roughness is a somewhat arbitrary term 


for evaluating the roughness of a pipe 
surface and was developed as a result 
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a given type of pipe surface the rela- 
tive roughness is greater for a small 
pipe than for a larger pipe. 

The values of relative roughness and 
Reynolds’ number are used in obtain- 
ing a suitable friction factor from Fig- 
ure 4, which also was reproduced from 
Transactions, A.S.M.E. (4). 

4. The value of head loss due to 
friction, expressed in inches of water 
per 100 ft. of pipe, is found by Eq. 2. 
The method of obtaining all unknown 
factors has been indicated. 


0.02 + 
gr. at 60°F reiatre| 
kK | 5 fo water at 60°F 
° 
000s 
pos: 
2 & 
0.001 = 
00002 
= 
= 
0.0001 fy 
AYA 
= 
A! 
2 
ne 
0.00001 G. 
at 
0.00000! = 
0 20 4 60 & WO 200 300 400 


Temperoture, degrees F. 


FIGURE 2.—Kinematic viscosity of fluids (4). 


The velocity head was included on 
the chart (Figure 1) for convenience 
in computing special losses through fit- 
tings, expansions, contractions, and the 
like in terms of velocity head and in 
making total energy calculations, 
which, of course, involve the velocity 
head. 

When the velocity of flow in air 
mains is expressed in foot-second units, 
the velocity head, h, = v?/2g, should 
be expressed in feet of air. It was con- 
sidered desirable, however, to express 


> 
“ty 
| 
| 


Vol. 24, No. 1 


FLOW OF AIR IN PIPES : 29 


PIPE DIAMETER IN FEET, D 
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PIPE DIAMETER IN INCHES, D” 
FIGURE 3.—Relative roughness of pipes (4). 


the velocity head of air in inches of 
water, the same units with which the 
head loss due to friction was expressed. 


In order to prepare Figure 1, about 
eight typical calculations, as outlined 
in the four steps above, were made to 
locate accurately each pipe size line. 


Likewise, about 50 calculations were 
made to determine the location of each 
gage-pressure correction line and each 
temperature correction line. In addi- 
tion, numerous calculations were made 
for spot checks covering the entire 
range of the chart. 
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pressure drop due to friction because, 
for any given pipe size and density of 


air, the pressure drop or head loss due 
to friction is proportional to the square 


of the velocity. 
upon examination of Eq. 2.) The lines 


RELATIVE ROUGHNESS 


velocity-head chart 


Discussion of Chart 
The numerous calculations made in 
preparing Figure 1 assure that it is an 


accurate representation of Eq. 2. 


auxiliary 


The 


was plotted along the axis showing 


FIGURE 4.—Friction factors for various pipe roughnesses and Reynolds’ numbers (4). 
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on the auxiliary chart are shown 
straight and parallel, although there 
were indications that perhaps the 
longer lines could have been slightly 
curved at their extremities. If a larger 
seale had been chosen for the velocity- 
head axis of the chart, this might have 
caused any curvature in the line to be 
more prenounced. The error involved 
in using the velocity-head chart within 
the limits shown is negligible. If, how- 
ever, attempts are made to extend the 
lines to obtain values outside the limits 
of the chart, the results may be some- 
what in error; but this should seldom 
be necessary, because it is believed that 
the chart has sufficient range for most 
problems dealing with air mains for 
the activated sludge process of sewage 
treatment. 

Aside from the auxiliary velocity- 
head chart, the general form of the 
main portion of Figure 1 is similar to 
that in which the Fritzche formula was 
developed and published (6). The 
Fritzche formula chart was considered 
to have the most convenient form of 
the various charts investigated; but it 
was objected to chiefly because it is 
applicable only to steel pipes and in- 
dicates no correction factors to apply 
if used with other types of pipes. Also, 
it does not have sufficient range for 
finding low pressure drops frequently 
encountered in the design of mains for 
an air diffusion system for sewage treat- 
ment plants. These are some of the 
objections which were overcome by 
making the new chart. Other im- 
provements include doubling the dis- 
charge range of the chart; showing 
only standard pipe sizes from %4-in. 
diameter to 84-in. diameter; showing 
only temperature and pressure corree- 
tion lines in ranges likely to be en- 
countered in the sewage treatment field, 
thus eliminating numerous lines which 
tend to crowd the Fritzche chart; 
changing the pressure drop in terms 
of different units (that is, in terms of 
inches of water rather than pounds 
per square inch); and, finally, adding 
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the auxiliary chart for velocity-head 
determinations, a great time-saver in 
air flow calculations. It should be 
kept in mind that, although this newly 
developed chart is similar in form to 
the Fritzche chart, the new chart is 
based upon a rational formula with 
friction coefficients determined experi- 
mentally, whereas the Fritzche chart 
is based upon an empirical formula. 
Figure 1 has been developed for as- 
phalted cast-iron pipe in standard 
sizes from 3 in. to 84 in. and for gal- 
vanized iron pipe for sizes below 3 in. 
It was decided to base the chart on 
asphalted cast-iron pipes because so 
many air diffusion piping systems in 
sewage treatment plants are designed 
for ¢ast-iron pipe coated according to 
American Water Works Association 
standards, which indicate that cast- 
iron pipes are to be coated inside and 
out with coal-tar pitch varnish (7). 
Jalvanized pipe was assumed for all 
sizes below 3 in., partly because it is 
common practice to use galvanized pipe 
in small sizes and, partly, because the 
relative roughness of galvanized iron 
is close to that of asphalted cast-iron, 
as can be seen in Figure 3. Thus, the 
error involved in using the entire range 
of the chart for galvanized pipe would 
not be great, in the event that the 
engineer neglects to apply the proper 
correction for pipe sizes above 3 in. 


Correction Factors and Probable 
Accuracy of Chart 


The table of correction factors ap- 
pearing in Figure 1 was arrived at by 
making a separate study for each pipe 
size, as follows: The relative roughness 
for each type of pipe surface indicated 
in Figure 3 was tabulated; and, for 
each type of pipe surface, friction fac- 
tors were obtained from Figure 4 cor- 
responding to four representative 
Reynolds’ numbers for which friction 
factors for asphalted cast iron were 
found in the original calculations for 
the chart. The correction factor rep- 


resents the ratio of these friction fac- 
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tors and is, therefore, used as a mul- 
tiplier. 

Theoretically, a table of correction 
factors would indicate a variation with 
Reynolds’ number as well as with va- 
rious types of pipe surfaces and pipe 
sizes, or the relative roughness of a 
pipe. But such a table would be im- 
practical because it would become too 
complicated, and very few engineers 
would bether to compute Reynolds’ 
number or apply a correction at all. 
Furthermore, such accuracy would not 
be justifiable, considering the impossi- 
bility of accurately defining the rela- 
tive roughness, for example, between 
the limits of rough and smooth con- 
crete or heavy and light-riveted steel, 
for which types of surfaces the cor- 
rections are greatest. It will be noted 
that for types of surfaces having rela- 
tive roughnesses fairly close to that 
on which the chart is based, the range 
of correction values is small and con- 
sequently the error involved in omit- 
ting Reynolds’ number in determining 
the correction factor is likewise small. 

The table shown in Figure 1 pro- 
vides a rough means of proportioning 
the correction factor on the basis of 
head loss due to friction, which is 
roughly proportional to Reynolds’ 
number. The first value on any line 
in any column corresponds approxi- 
mately to the high value of head loss 
indicated in the column, and the see- 
ond value corresponds approximately 
to the low value of head loss indicated 
in the column. 

As a guide for interpolating correc- 
tion factors from this table the follow- 
ing approximate rules were devised : 


1. In any pipe size, when the head 
loss as obtained from the chart is ap 
proximately 0.5 in. of water, the cor- 
rection factor may be determined by 
adding 25 per cent of the difference of 
the factors to the lower value if above 
1.00, or by subtracting 25 per cent of 
the difference of the factors from the 
higher value if below 1.00. 

2. In any pipe size, when the head 
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loss as obtained from the chart is ap- 
proximately 1 in. of water, the correc- 
tion factor may be determined by 
adding 50 per cent of the difference of 
the factors to the lower value. 

3. In any pipe size, when the head 
loss as obtained from the chart is ap- 
proximately 5 in. of water, the corree- 
tion factor may be determined by 
adding 75 per cent of the difference 
of the factors to the lower value if 
above 1.00, or by subtracting 75 per 
cent of the difference of the factors 
from the higher value if below 1.00. 

4. For pipe sizes from 34 in. to 30 
in., When the head loss as obtained from 
the chart is approximately 10 in. of 
water, the correction factor may be 
determined by adding 85 per cent of 
the difference of the factors to the 
lower value if above 1.00 or by sub- 
tracting 85 per cent of the difference 
of the factors from the higher value if 
below 1.00. 

). For any pipe size, when the head 
loss is greater than the highest value 
of head loss indicated for the column, 
the correction factor will be approxi- 
mately the same as given for the high- 
est value of head loss. 

6. For any pipe size, when the head 
loss extrapolated from the chart is less 
than 0.1 in. of water, the correction 
factor may be decreased if above 1.00, 
or inereased if below 1.00. The amount 
of the inerease or decrease should prob- 
ably not be more than 25 per cent of 
the difference of the given factors if 
the loss is as low as 0.05 in. of water. 


It should be mentioned that Figure 
1, as well as the table of correction 
factors, applies only to new and clean 
piping free of condensate. Piping de- 
teriorates with age, often changing the 
roughness considerably and decreasing 
the effective diameter. It has been esti- 
mated that a 2 per cent reduction of 
the diameter will cause a 10 per cent 
increase in the head loss due to friction, 
or a 5 per cent reduction in the di- 
ameter will increase the pressure drop 
29 per cent (2). The effect of con- 
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densate also is to decrease the diameter, 
and perhaps to change the roughness of 
the pipe, thus directly affecting the 
pressure drop or head loss due to fric- 
tion. Because it is difficult to evaluate 
the effect of age and condensate on the 
pressure drop, it is cautioned that, if 
the chart is used for other than new 
pipe free of condensate, the results 
may be considerably in error. 

Another possible source of error lies 
in the fact that the chart is based on 
the assumption that the air drawn into 
the blower is free, dry air at an aver- 
age temperature of 60° F. and at at- 
mospherie pressure (29.92 in. of mer- 
cury or 14.7 lb. per sq. in. at sea level), 
and the density (or weight per cubic 
foot) equals 0.0764 lb. If average con- 
ditions vary considerably from the 
above standards (as, for example, in 
an extremely hot climate or cold cli- 
mate, or where the humidity of the air 
is high, or where the altitude is con- 
siderably above sea level), then, to be 
technically correct, the head loss as 
obtained from the chart should be cor- 
rected for the variation in actual den- 
sity of air from that at the assumed 
standard conditions. The density of 
air under various conditions of tem- 
perature, humidity, and altitude can 
be found conveniently with the aid of 
published tables (8)(9)(10). If the 
actual free air density is less than 
the assumed density of 0.0764 lb. per 
cu. ft., the compressed air volumes 
are less than those on which the chart 
is based. On the other hand, if the 
free air density is greater than the as- 
sumed density, the compressed air vol- 
umes are greater. The effect of a 
change in the compressed air volumes 
or rate of flow is a change in the mean 
velocity of flow in a pipe. Thus, if the 
rate of flow is decreased, the mean ve- 
locity is decreased; and vice versa, if 
the rate of flow is increased, the mean 
velocity is increased. The effect of a 
change in velocity on the head loss 
due to friction can be seen from Eq. 
2, used in the calculations for the chart. 
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The head loss, ho, varies as the square 
of the velocity, which, in turn, varies 
directly as the density of the free air. 
(The other factors in the formula are 
not affected by free air density.) Thus, 
it can be stated that the head loss due 
to friction varies directly as the square 
of the free air density. 

As an example of this correction let 
it be assumed that a value of pressure 
drop due to friction equal to 0.5 in. per 
100 ft. based on the free air density 
of 0.0764 lb. per cu. ft. was obtained 
from Figure 1, but that the free air 
density was actually found to be 0.070 
lb. By setting up the proportion 


) 

0.07647 0.5 

it is found that the friction loss, z, 
should actually be 0.41 in. of water, 
approximately a 20 per cent reduction 
over the original value. 

The various corrections discussed are 
all important if considerable accuracy 
is desired in determining a probable 
value of head loss; but one should not 
have a false notion of the accuracy 
of the results, even after applying all 
possible corrections. It should be kept 
in mind that the pressure drop due to 
friction varies directly as the friction 
factor, f ; and since'there is no mechani- 
cal means of measuring the roughness 
of a pipe, and since reliance must be 
placed on descriptive terms, there is 
considerable possibility of uncontrol- 
lable error being introduced through 
the value of f and, consequently, the 
value of head loss due to friction. It 
has been estimated that the probable 
error for commercial steel or wrought 
iron pipe might be as high as + 10 per 
cent (4) and that the rougher the pipe 
surface the greater is the probable 
error. 


Comparison of Various Formulas 
and Charts 


Prior to preparing the chart (Fig- 
ure 1) a thorough investigation of nu- 
merous formulas and charts for flow 
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of air or gases had been made. This 
was done for the purpose of comparing 
the results of the various formulas or 
charts and adopting the most reliable 
one for permanent use. 

In order to judge the reliability of 
a chart or formula one must be certain 
of its results over the range in which 
it is to be used. For this reason the 
investigation was made for four repre- 
sentative pipe sizes; namely, 6, 14, 30, 
and 60 in. Values of free air discharge 
considered for each pipe size corre- 
sponded to free air velocities of 2,000 
3,000, 4,000, and 5,000 ft. per min. 
Free air was considered to be dry air 
at 60° F. and atmospheric pressure 
(29.92 in. of mercury or 14.7 lb. per 
sq. in. absolute) weighing 0.0764 Ib. 
per cu. ft. It was assumed for each 
calculation that the free air was com- 
pressed and that, at flowing conditions 
in the pipes, the mean gage pressure 
was 8 lb. per sq. in. and the mean tem- 
perature of the air was 120° F. It 
was further assumed, 
sible, that the inside boundary ma- 
terial of the pipe was new cast iron. 
All pressure drops due to friction were 
determined in terms of pounds per 
square inch per 100 ft. 

The investigation included the fol- 
lowing formulas or charts and certifica- 
tions thereof : 


whenever pos- 


1. Fritzche 

The commonly used Fritzche formula 
(6), although developed for standard 
wrought iron pipe, was used in the 
investigation in order to compare its 
results with other formulas. 


Formula 


2. Fritzche Formula (Imereased 25 per 
cent for cast-iron pipe) 

The reason for increasing the results 
of the Fritzche formula by 25 per cent 
in order to apply to cast-iron pipe is 
that Bushee and Zack reported, as the 
result of experiments by the Chicago 
Sanitary District, that measured losses 
for 10- and 24-in. Brown and Sharpe 
cast-iron pipe were about 25 per cent 
greater than the computed losses (11). 
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3. Unwin Formula 


The Unwin formula (12) is to be 
used for fairly smooth iron pipes with 
low pressure where the drop in pressure 
does not exceed 20 per cent of the in- 
itial pressure. 


f. United States Hoffman Machinery 
Corp. Chart 
Roots-Connersville Company Chart 


The formula upon which the Roots- 
Connersville Company chart (13) is 
based applies to flow of low-pressure 
air through blast pipes. 


6. Naveo Chart (14) 
7. Harris Formula (15) 


8. Weymouth Formula 


The Weymouth formula (10) (15) 
is intended for use in connection with 
natural transmission lines under 
fairly high pressures. Experimental 
tests on 28 natural gas pipe lines, re- 
ported in ‘‘U. S. Department of Com- 
merce Report of Investigations No. 
3153,”’ indicate that when the formula 
is applied to large diameter lines free 
of condensate and foreign materials 
and operating under steady flow condi- 
tions, the formula is aceurate within 
a few per cent. Beeause of this ex- 
perimental backing and because air is 
a gas of known specific gravity, the 
formula was included in this investi- 
gation. 


eas 


9. Oliphant Formula 


The Oliphant formula (10) is also 
intended for with natural gas 
transmission lines. 


use 


10. Dr. Pole’s Formula 


The formula of Dr. Pole (7) (16) is 
intended for use with gas mains at low 
pressures. 


11. Buffalo Forge Company Chart (8) 


12. Crane Company Chart 


The Crane Company chart (2) is 
based on a modification of the Fanning 
formula. 
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DROP IN PRESSURE DUE TO FRICTION 


LBS. PER SQ.IN. PER IOOFT. OF PIPE 
120°F. AND 8 LBS. PER SQ. IN. GAGE PRESSURE 


0.09 


0.08/— 


0.07 


0.06 


° 
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0.02 


0.01 
0.009 


0.008 


0.006 


‘FIGURE 5.—Comparison of air flow formulas, as applied to 14-in. pipe. 


FLOW OF AIR IN PIPES 
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“FLOW OF AIR IN PIPES" FOR y 
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13. Chicago Pump Company Chart 


(for asphalted cast-iron pipe) 

The formula on which the Chicago 
Pump Company chart is based has been 
discussed in detail at the beginning of 
this paper. It will be noted that the 
formula is the same as used by the 
Crane Company; but the units are 
more convenient for use in the design 
of air mains for sewage treatment 
plants, and the form of chart is con- 
siderably different and more conveni- 
ent to use. 

The friction factors for this chart 
were obtained from a different source 
(4), in which greater distinction was 
made on the effect of diameter and type 
of pipe surface; but fundamentally, 
the friction factors are the same as 
suggested by the Crane Company. 

The Chicago Pump Company chart 
is based on asphalted cast-iron pipe 
but indicates correction factors for 
other types of surfaces. 


14. Chicago Pump Company Chart 
(corrected to apply to plain cast- 
iron pipe) 


Values of pressure drop due to fric- 
tion in plain cast-iron pipe were found 
for the purpose of comparing results 
with other charts and formulas. 


Jauuary, 1952 


Company Chart 
steel or 


15. Chicago Pump 
(corrected to, apply to 
wrought iron pipe) 


Steel or wrought iron pipe surface 
is included herein in order to have 
some basis of comparing results from 
other charts or formulas intended to 
be used with steel pipe. 


The result of the above investigation 
for the 14-in. pipe is shown graphically 
in Figure 5. Space does not permit 
the reproduction of the charts devel- 
oped for the other pipe sizes included 
in the investigation, but Figure 5 is 
representative of the general results 
for the entire range of application. 
The numbers which identify the vari- 
ous lines correspond to the numbers in 
the foregoing discussion. The chart is, 
perhaps, too crowded to follow all lines 
individually, but the general location 
of any line can readily be followed by 
means of the numbers. Lines 13-18, 
14-14, and 15-15, representing the ap- 
plication of the Chicago Pump Com- 
pany chart to asphalted cast-iron, plain 
cast-iron, and steel or wrought iron 
pipes, respectively, are shown heavy 
for easy identification. These lines are 
a fair average of all the lines in the 
figure, which fact should attest to the 
reliability of the Chicago Pump Com- 
pany chart (Figure 1). 
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PURDUE INDUSTRIAL WASTE CONFERENCES 


The Seventh Industrial Waste Conference is scheduled to be 
held at Purdue University, Lafayette, Ind., May 7-8, 1952. As in 
previous years, separate sessions are planned to cover major waste 


groupings. 


Announcement also has been made that copies of the ‘‘ Proceed- 
ings of the Sixth Purdue Industrial Waste Conference’’ are avail- 
able at $1.25 per copy. Those in attendance at the conference are 


to receive a copy at no charge for the 506-page bulletin with index 
for the first six ‘‘Proceedings.’’ Checks should be made out to 
Purdue University and sent to Dean A. A. Potter, Executive Build- 
ing, Purdue University, Lafayette, Ind. 


CALIFORNIA SEEKS POLLUTION CONTROL ENGINEERS 


The California State Personnel Board has announced examina- 
tions to fill openings for six Water Pollution Control Engineers. 
The written examinations are to be given throughout the United 
States on March 15, 1952. Applications will be accepted through 
February 23, 1952. 

Information as to necessary qualifications and procedures may 
be obtained by writing directly to the Recruiting Section, State 
Personnel Board, 1015 L Street, Sacramento 14, Calif. 
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Eastern Regional Research 


Aaricultural Research Administration, U 

In the course of studies of aerobic 
oxidation of dairy wastes, the presence 
of vitamin B,, in activated sludge was 
suspected because of the microbial na- 
ture of the floc and the known syn- 
thesis of this vitamin by intestinal and 
soil bacteria. This report presents re- 
sults of a study on the vitamin in acti- 
vated sludge from municipal sewage 
treatment plants and indicates the pos- 
sible utility of activated sludge for 
fortifying animal feeds with this vita- 
min. The discovery of vitamin B,, in 
activated sludge has been reported in a 
preliminary note (5). 

Vitamin B,,, the anti-pernicious 
anemia factor of liver, was isolated al- 
most simultaneously in this country 
and in England in 1948. Clinical tests 
have shown that it is effective in vari- 
ous anemias, in cirrhosis of the liver, 
and in other diseases, and nutritional 
studies have indicated that it stimu- 
lates growth and appetite in children. 
As has been the case with other vita- 
mins, full evaluation of the effects of 
vitamin B,, in humans will require 
biochemical and clinical study for 
many years. 

This vitamin also has noteworthy ef- 
fects in the nutrition of domestic ani- 
mals (11). The isolated product mark- 
edly improves the utilization of vege- 
table protein by chickens and swine, 
producing up to a 20 per cent greater 
weight increase per pound of food con- 
sumed. The optimum increase is ob- 
tained by the addition of only 10 to 
15 mg. of vitamin B,, per ton of feed. 


° Report of a study made under the Re- 
search and Marketing Act of 1946. 


Laboratory, Bureau 


ACTIVATED SLUDGE AS A SOURCE OF VITAMIN 
B:. FOR ANIMAL FEEDS * 


By Sam R. Hoover, LENorE Jasewicz, JANET B. PEPINSKY, 
AND NANDOR PorGES 


of Agricultural and Industrial Chemistry, 


S. Dept. of Agriculture, Philadelphia, Pa. 


The resultant decrease in amount of 
grain required constitutes a substan- 
tial reduction in the cost of production 
of meat. This effect is closely related 
to that of the ‘‘animal protein fac- 


tor’? (APF), which has been studied 
by animal nutritionists for a number 
of years. This factor, essential for 


the growth of chicks and swine, has 
been found in fish meal, fish solubles, 
liver, and a wide variety of other ani- 
mal products. Tests have shown that 
vitamin B,, is the primary factor in 
APF, and the latter term has been 
largely abandoned in recent months. 

The rumen contents of ruminants 
and their contain appreciable 
quantities of vitamin B,., which is ap- 
parently synthesized by the microbial 
flora present. A number of soil micro- 
organisms perform this synthesis, and 
commercial production of vitamin B,, 
concentrates by bacterial fermentation 
is well established. The vitamin is re- 
quired for the growth of other bae- 
teria, notably certain lactobacilli, a 
fact which has been utilized in the 
development of microbiological assay 
procedures. 

Intensive study of the chemistry of 
vitamin B,, has shown that it can be 


feces 


isolated as erystall red needles 
(melting point 210° to 220° C.), which 
have the approximate composition 
PCo. There are at 


least two forms of the vitamin. By 
catalytic hydrogenation, a erystalline 
substance, vitamin Byoa, is produced. 
This product has a lower biochemical 
activity than vitamin B,,, and the 
ratio of the activities differs, depend- 
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ing on the animal or bacterial species 
used in the test. The existence of 
other biologically active forms of the 
vitamin is suspected, so that at present 
the most satisfactory designation for 
the active factors in a tissue or crude 
extract is ‘‘vitamin B,, complex.’’ In 
this paper, the term ‘‘vitamin B,,’’ is 
used for convenience to mean ‘‘vita- 
min B,, complex.”’ 


Assay of Vitamin B,, 


Analysis of animal and plant ex- 
tracts for vitamin B,, by microbiologi- 
cal assay is difficult, for the test or- 
ganisms require a relatively complete 
mixture of amino acids, vitamins, and 
minerals. Moreover, the vitamin B,, 
requirements of the organism can be 
met, at least in part, by other con- 
stituents of the extracts. Extensive 
study has shown that most of these 
compounds which give falsely high val- 
ues are stable to treatment with alkali 
(0.2 N NaOH for 30 min. at 100° C.), 
whereas vitamin B,, is destroyed by 
such treatment. The direct assay is, 
therefore, often ‘‘corrected’’ by sub- 
tracting this nonspecific activity. In 
this report, the direct assay (9) is 
called Method I, and this value less the 
nonspecific alkali-stable activity (4) 
is called Method II.* The growth of 
the test organism, Lactobacillus leich- 
mannii ATCC 4797, is measured by 
turbidimetric analysis after 24 hr. at 
37° C. A standard vitamin B,, ac- 
tivity curve is run in parallel with 
every series of determinations. Method 
II, with minor modifications, is the 
procedure commonly used for assaying 


* The vitamin is extracted from the sludge 
by suspending it in acetate buffer and heat- 
ing it at 100° C. in an autoclave for 30 min. 
The buffer used contains 207 g. sodium ace- 
tate and 126 g. acetic acid per liter, pH 4.5. 
A distilled-water extract of dried commercial 
sludge prepared similarly has a pH of 4.1 to 
4.5, and the amount of vitamin B,, extracted 
by water is equal to that extracted by the 
buffer solution. However, use of buffer solu- 
tions for extraction of vitamin B,, from mis- 
cellaneous plant and animal tissue is pref- 
erable. 
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the vitamin in feeds and feed supple- 
ments. 

A more complicated but specific as- 
say for vitamin B,, has been developed 
in which the true vitamin is first sepa- 
rated from those compounds which 
give the nonspecific growth response 
(10). This separation is made by pa- 
per chromatography, a relatively new 
technique utilizing the differential rate 
of migration of the solvent and of the 
various dissolved constituents as a so- 
lution travels along a sheet of filter 
paper by a wicklike action. The por- 
tion of the paper containing the vita- 
min B,, is cut out, and the amount 
present is then determined by direct 
growth assay. This procedure is desig- 
nated Method III. It is believed to 
give the most conservative estimate of 
the vitamin B,, content of extracts 
that can be obtained by microbiological 
assay. Tests for the nonspecific activ- 
ity of the extracts are made by measur- 
ing the growth response caused by the 
other constituents, which have been 
separated from the vitamin B,, com- 
plex by differential migration on the 
paper. 

The ultimate evalution of vitamin B,, 
potency of feeds and feed supplements 
is its effect on animal growth. Chick- 
growth tests have been developed which 
are relatively satisfactory. It has been 
well demonstrated that the availability 
of vitamin B,., in microbiological as- 
says may differ markedly from its 
availability to chickens and swine. 
The digestive system of animals ap- 
parently can release the vitamin from 
some types of chemical combination in 
which it is unavailable to microorgan- 
isms. Moreover, the test organisms 
can convert some precursors to the 
vitamin which the higher animals can- 
not. 


Assay of Commercial Sludge 


Samples of heat-dried activated 
sludge now on the market were assayed 
for their vitamin B,, content (Table 
I). Milorganite was purchased on the 
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TABLE I.—Vitamin B,, Content of Commercial Dried Sludge' 


3 Moisture 
Source i 


Milwaukee, Wis. (Milorganite) 
Chicago, Ill. (Southwest plant) 
Chicago, Ill. (Calumet plant) 

Houston, Tex. (Hou-Actinite) 


10.8 
4.6 
2.2 


| 
| 
| 


! Calculated on samples as received. 


| 
| 
| 


Vitamin By Determined (ug./g.) 


Method Non-spec. Method Method 
I? Activity | II? Iil* 


| 


| 


? Direct growth assay with Lactobacillus leichmannii. 

3 Total indicated by Method I less the non-specific activity shown by growth of L. leichmannii 
after vitamin By had been destroyed by alkali treatment. 

* Growth assay with L. leichmannii after vitamin Biz had been separated from other growth 


stimulants by paper chromatography. 


open market; the other three samples 
were furnished by the Chicago (IIl.) 
Sanitary District and the Houston, 
Tex., sewage treatment plant. Mois- 
ture determinations were made in the 
laboratory, and the vitamin B,, con- 
tents were determined by the three 
methods just described. The differ- 
ences between three of the four sam- 
ples may or may not be significant. 
The product from the Chicago Calumet 
plant differed in physical properties 
and in vitamin B,, content. The vita- 
min is sensitive to heat and previous 
data have shown that there is marked 
loss during drying. Therefore, the 
amount present in the dried product 
does not necessarily reflect the amount 
present initially, but is undoubtedly 
related to the method of coagulating 
and drying employed. Further in- 
vestigation of the loss during the proc- 
essing of the sludge should be made 
if it is to be marketed as a feed sup- 
plement. 

The vitamin B,, content of these 
products must be considered in rela- 
tion to the nutritional requirements of 
animals. An adequate supply of this 
vitamin has been estimated as 10 to 15 
mg. per ton of feed (7). A vitamin 
B,, content of 1.5 mg. per Ib. (3.3 pg. 
per g.) has been proposed by the As. 
sociation of American Feed Control 
Officials as the required level for a 
commercial feed supplement. Thus, 7 


to 10 lb. of a minimum potency supple- 
ment would suffice for a ton of feed. 
Three of the samples tested showed 
such a content when determined by 
Method IT, which is generally used in 
the industry. The values obtained by 
Method III are comparable with those 
of Method II. 

Method IIT gave further information 
because a measure of the non-specific 
activity was obtained. The results 
(not tabulated) show that there was 
little non-specific activity in the four 
samples. The quantity found was 
about the same as that indicated by 
the alkaline destruction test. 


Distribution in Activated Sludge 
System 


Inasmuch as vitamin B,, is syn- 
thesized by various microorganisms, a 
short study was made of the source of 
the vitamin in the sludge.* The data 
in Table II were obtained by assay 
Method II. After preliminary experi- 
ments lasting for several weeks, a se- 
ries of runs was made on 5 successive 
days of relatively stable operation. A 
daily composite sample was obtained 
by taking a grab sample each 4 hr. pro- 
portional to the flow of the previous 

* These results were obtained through the 
excellent cooperation of R. M. Bolenius, sup- 
erintendent, Abington Township sewage treat- 
ment plant, Montgomery County, Pa. The 


design of this plant has been described pre- 
viously (2). 
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TABLE II.—Vitamin B,: in a Municipal Activated Sludge Plant 
Date: April, 1951 
Characteristic 
ll 12 13 14 15 Av. 
Primary effluent: 
Flow (:n.g.d.)! 1.407 1.372 1.360 1.348 1.345 1.366 
Total solids (g./1.)! 0.29 0.36 9.30 0.29 0.29 0.31 
Vitamin Bis (ug./l.)! 0.12 0.34 1.12 0.28 0.46 0.46 
Vitamin Bi: (mg./kg. solids) 0.41 0.94 3.73 0.97 1.59 1.52 
Vitamin Bj: (g./day) 0.64 1.77 5.77 1.43 2.34 2.39 
Aerator influent: 
Return sludge (m.g.d.)! 0.575 0.539 0.531 0.531 0.551 0.545 
Total flow (m.g.d.)! 1.982 1.911 1.891 1.879 1.874 1.907 
Total solids (g./1.)! 2.9 3.5 3.2 2.9 3.3 3.2 
Vitamin Bis (ug./1.)! 42.9 43.7 41.7 43.6 45.7 43.5 
Vitamin By (mg./kg. solids) 14.8 12.5 13.0 15.0 13.8 13.6 
Aerator effluent: 
Total solids (g./1.)! 2.1 2.1 2.1 2.1 2.4 2.2 
Vitamin By: (ug./l.)! 40.8 38.7 43.7 44.2 41.8 41.8 
Vitamin Bw (mg./kg. solids) 19.4 18.4 20.8 21.0 17.4 19.4 
Waste sludge: 
Flow (g.p.d.)! 5130. 5330. 6850. 8210 5000. 6104. 
Total solids (g./1.)? 9.3 11.5 10.6 9.5 11.2 10.4 
Vitamin Bis (ug./1.)? 148. 154. 146. 154. 154. 151. 
Vitamin Bi: (mg./kg. solids) 15.9 13.4 13.8 16.2 13.8 14.6 
Vitamin By: (g./day) 2.86 3.11 3.78 4.47 2.92 3.49 


1 Determined values. 


2 Values calculated from return sludge flow, 


4-hr. period. Negligible rain fell dur- 
ing the test period. The total sewage 
flow was constant, as was the solids 
content of the effluent from the pri- 
mary settling tank. A rather surpris- 
ing variation in the vitamin B,, con- 
tent of this effluent was observed. A 
similar variability of the primary efflu- 
ent was also observed in the prelimi- 
nary tests. 

An attempt was made to test for 
synthesis in the aerator by analyzing 
the aerator influent and the effluent. 
Because of the oxidation of organic 
matter, an increase of vitamin B,, on 
a solids basis was observed. However, 
there was no measurable change on a 
liquid volume basis. 

The vitamin B,, content of the re- 
turn sludge, and therefore of the waste 
sludge, can be determined by calcula- 
tion from the primary effluent and the 
aerator influent. In the tests, an av- 


primary effluent, and aerator influent. 


erage daily output of 3.49 g. of vitamin 
B,, versus an intake of 2.39 was ob- 
served. The results obtained on the 
aerator effluent for the final day indi- 
cate that there was at least as much 
total solids and as high a vitamin B,, 
content in the system at the end of the 
experiment as there was_ initially. 
These data, therefore, suggest some 
synthesis of the vitamin in the acti- 
vated sludge process. Fluctuations 
from day to day were so great that 
it was not possible to make a quanti- 
tative estimate of the proportion of the 
vitamin synthesized without extensive 
experiments. 

The primary effluent, however, con- 
tained an appreciable amount of the 
vitamin, for the low content per unit 
volume must be multiplied by the total 
flow of about 1.4 m.g.d. The excess 
sludge is wasted through the primary 
settling tank in this plant. Therefore, 
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a portion of the vitamin might be 
considered as coming from this source. 
But a separate run of 3 days in which 
no sludge was wasted gave no indica- 
tion that the B,, content of the pri- 
mary effluent arose from this source, 
for when no waste sludge was intro- 
duced into the primary tank, the vita- 
min B,, content of the effluent was at 
least as high as when sludge was be- 
ing wasted. These preliminary results 
can be interpreted, therefore, as indi- 
cating that the vitamin probably is 
synthesized in the system, but more 
especially that the aeration tank acts 
as a refining and concentrating sys- 
tem. The incoming sewage contained 
about 0.5yg. per 1.; the waste sludge 
contained about 150 pg. per 1. The 
corresponding values on a total solid 
basis are 1.5yg. per g. and 15 pg. per 
g., a 10-fold increase. Obviously, any 
vitamin B,, present in the plant efflu- 
ent is ignored in these calculations. 
The excellent operation of the plant 
and the low B.O.D. of the effluent 
justify such a procedure in a prelimi- 
nary study of this kind. 


Cobalt Content 


Vitamin B,, contains 4.4 per cent 
cobalt as an essential constituent. This 
element is present only in traces in 
surface waters and in plant and animal 
tissues. It was, therefore, of interest 
to determine the cobalt content of the 
dried sludge. Commercial sludge con- 
tains about 35 per cent of sand and 
clay, which have an appreciably higher 
content of cobalt than plant tissue 
(3). Also, the large amount of iron 
in the commercial sludge interfered 
with an accurate analysis for total co- 
balt. Therefore, the cobalt extractable 
by hot water (see vitamin B,, assay 
procedure) was determined as a meas- 
ure of the available cobalt content. The 
analytical procedure used was that of 
Deijs and Feldmeyer (3), except that 
readings were made on a Coleman 
spectrophotometer at 500 mp, as recom- 
mended by Ovenston and Parker (6). 
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Table III shows that much more co- 
balt is extractable by hot water than 
is accounted for by the vitamin B,, 
content. The first interpretation of 
these results would be that cobalt is 
not limiting in the synthesis of the 
vitamin. The actual concentration of 
available cobalt, however, is low. The 
extractable cobalt of the dry solids is 
approximately 1,000 yg. per kg., or 
1 p.p.m., a portion of which may be 
obtained from the inorganic sand and 
clay. Assuming that the living micro- 
organisms in the floc contain 75 per 
cent moisture, the cobalt available 
within the cells for vitamin B,, syn- 
thesis and any other possible require- 
ment would be 0.25 p.p.m. of living 
cells. Addition of small amounts of 
cobalt, say 0.01 to 0.10 p.p.m. to the 
aerator influent might result in a sig- 
nificant increase in vitamin B,, con- 
tent of the dried sludge. Experiments 
of this type are planned in laboratory 
studies on aeration of milk waste. 
Such tests in municipal treatment 
plants would appear to be of great in- 
terest. 

The amount of sludge solids extracted 
by the hot-water extraction procedure 
was determined, as such an extraction 
might be feasible for the preparation 
of more potent vitamin B,, concen- 
trates. About 4 per cent of the organic 
matter (8) and a similar amount of 
inorganic solids were extracted (Table 
IV). The vitamin B,, content of this 
extract, caleulated on a total solids 
basis, was, therefore, 10 to 15 times as 
great as in the dried sludge itself. No 
experiments have been made on recov- 


TABLE III.—Cobalt Content of Sludge 


Cobalt Content (ug./kg.) 
Source 
Cale. from Extr. by 
Bu Content | Hot Water 
ug./ke. pa./kg. 
Milwaukee 170 1070 
Chicago, Southwest 150 510 
Chicago, Calumet 60 590 
Houston 150 800 


} 
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TABLE IV.—Analysis of Hot-Water Extract would suffice. This cannot be consid- 
of Sludge’ ered as a cost of no more than 10¢ per 
ton of feed for supplementation ; costs 
Source Org | Tot of assay and shipping would undoubt- 
ae edly increase this figure. However, the 
Chicago, Calumet 39 63 rates produced by fermentation is 
Houston 34 6.6 estimated to be about 40¢ per ton, so 


! 25-gm. samples in 100 ml. water were heated 
in the autoclave for 30 min. at 100°C. The 
suspension was cooled, diluted to 250 ml., and 
centrifuged for 30 min. at a RCF of 2,500 g. 
Results are calculated on the original air-dry 
weight. 

? By oxygen consumed. 

3 By weight. 


ery of vitamin B,, after drying this 
extract. 


Chick-Growth Assays 

Chick-growth assays were conducted 
by R. J. Lillie and H. R. Bird of the 
Bureau of Animal Industry, U. S. De- 
partment of Agriculture, at Beltsville, 
Md. Milorganite was the only commer- 
cial sludge tested. Several assays of 
one sample of this product for vitamin 
B,. gave values of about 2.0 pg. per 
g.* Dr. Bird has given the information 
that fermentation products usually 
show a higher content of vitamin B,, 
by microbiological determination than 
by chick-growth test. This anomaly 
will probably be resolved in the near 
future. At present the microbiological 
test, essentially according to Method 
II, is the accepted assay procedure 
and the one on which the proposed 
standard of 1.5 mg. per Ib. is based. 


Economic Consideration 

Dried activated sludge for fertilizer 
use is sold at the plant at about 1¢ 
per pound. A vitamin B,, content of 
3.3 pg. per g., or 1.5 mg. per Ib., is the 
required level proposed by the Associa- 
tion of American Feed Control Offi- 
cials. If a ton of feed were supple- 
mented with 15 mg. of vitamin B,,, 
addition of 10 lb. of activated sludge 

* These results will be published as part 


of a larger study by the Bureau of Animal 
Industry group. 


there would appear to be a satisfactory 
economic basis for use of activated 
sludge in feeds if regulatory agencies 
rule its use acceptable. 


Discussion 


The striking result of these experi- 
ments is the presence of vitamin B,, 
in significant amounts in commercial 
dried sludge. Many unanswered ques- 
tions are pertinent to the further con- 
sideration of this result. As this lab- 
oratory is not in a position to carry out 
further research on municipal sludge, 
the major points are presented for the 
consideration of municipal sewage au- 
thorities. 


1. If dried activated sludge is to be 
incorporated directly into feeds, its 
use must be approved by the U. S. 
Food and Drug Administration and 
the respective State Feed Control offi- 
cials. 

2. The possibility of preparing richer 
concentrates by extraction of the vita- 
min must be considered. The dry 
residue remaining after extraction 
would still have approximately the 
same content of major constituents as 
the original dry material and presum- 
ably would be comparable in fertilizer 
value. 

3. Enrichment of the vitamin B,, 
content by addition of cobalt to the 
aerators is a possibility. Addition of 
0.01 to 0.10 p.p.m. would increase the 
amount available to the cells, probably 
without significantly raising the cobalt 
content of the final plant effluent. 
There is no direct evidence that a con- 
sequent increase in vitamin B,, would 
result, but such addition is the usual 
practice in commercial fermentation 
for production of this vitamin. 
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4. Loss of vitamin B,, in commercial 
drying of sludge is about 60 to 75 per 
cent. No published figures for the loss 
in drying fermentation vitamin B,, 
concentrates are available, but it has 
been repeatedly stated that appreciable 
loss in potency oecurs. Determination 
should be made of drying conditions 
which are economically feasible and 
yet result in minimum loss of the vita- 
min. It has been established that 
greater destruction is found by micro- 
biological tests than by animal feeding 
tests. Inasmuch as the potential use 
is in animal feeding, the latter assay 
should be used in studies of this de- 
struction. 

5. The chick-growth tests were short- 
time assays (2 weeks) on young 
chicks. Vitamin B,, response was 
shown by an increased rate of growth 
over that of control chicks. In these 
tests, the positive response proved that 
no toxicity resulted from incorporation 
of dried sludge in the diet. However, 
experiments over a longer period and 


with other animals should be con- 
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ducted to prove conclusively the lack 
of toxicity of this material in the low 
levels required. Some years ago, Boh- 
stedt conducted swine feeding experi- 
ments in which the use of Milorganite 
major source of protein in the 
diet was attempted. At high levels, 
definite toxicity indicated (1). 
These experiments were never reported 
in detail. 


as a 


was 


Summary 

Activated sludge contains significant 
amounts of vitamin B,,; the dried com- 
mercial fertilizer has a content of ap- 
proximately 3.5 to 4 mg. per kg. This 
amount is comparable with that re- 
quired in commercial animal feed sup- 
plements (3.3 mg. per kg.) 

A study of the distribution of this 
vitamin in activated sludge from mu- 
nicipal sewage treatment plants indi- 
cated that part of it is derived from 
the raw sewage and part synthesized 
by microbiological action in the aera- 
tion tanks. 

A number of possible extensions of 
this study are pointed out. 
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Industrial Wastes 


PROCEDURES FOR SAMPLING AND MEASURING 
INDUSTRIAL WASTES * 


By Hayse H. Buack 


Chief, Industrial Wastes Section, Environmental Health Center, 
U. 8. Public Health Service, Cincinnati, Ohio 


Knowledge concerning the character 
and volumes of industrial wastes is 
the first requisite in their evaluation. 
Sampling and measuring constitute an 
integral and important part in this 
evaluation. This recalls the maxim: 
‘*A chain is no stronger than its weak- 
est link.’’ Certainly everyone who 
studies industrial wastes strives to 
make the accuracy of field observations 
consistent with laboratory techniques. 
It is with these thoughts in mind 
that the following review is offered. 


Sampling Procedure 

Objectives 

An industrial waste sampling pro- 
gram may serve any one of several or 
a combination of purposes. Because 
sampling procedures vary with con- 
templated use of the findings, it is es- 
sential that objectives be defined at the 
outset of the study. Some of the more 
common objectives are to: 


1. Determine quantities of pollu- 
tional materials discharged during a 
24-hr. day and per unit weight of 
product. 

2. Locate major waste sources within 
the plant and permit computing of 
constituent balances. 

3. Explore potential recovery from 
a given department or unit process, 


* Presented at 25th Annual Meeting, Ohio 
Sewage and Industrial Wastes Treatment 
Conference; Columbus, Ohio; June 20-22, 
1951. 


consider process modification, and 
study the economics thereof. 

4. Define factors influencing char- 
acter of wastes from a given depart- 
ment or unit process. 

5. Investigate and demonstrate vari- 
ations in character and concentration 
of combined wastes. 

6. Establish a sound basis for treat- 
ment of residual wastes. 


Process and Operation 


A time should be selected for the 
study when plant operations are nor- 
mal. Production should be reported 
for each day of sampling and its per 
cent of capacity operation should be 
indicated. Consideration must be given 
to periods of maximum waste dis- 
charge, which may impose short-time 
but damaging pollutional effect. In- 
telligent planning requires familiarity 
with the processes involved and with 
operation schedules. The sources of 
major individual wastes should be rec- 
ognized. Raw materials and finished 
products, any of which may appear in 
the waste, should be known. Close at- 
tention should be devoted to possible 
hazards to workmen in manholes and 
around sewer outfalls and to analysts 
handling the wastes. Knowledge is 
necessary of any compounds likely to 
interfere with the analytical work or 
of the presence of toxic materials 
which might inhibit biochemical oxy- 
gen demand. Disposition of plant sani- 
tary wastes should be recorded. 
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Determinations 


Having established objectives and 
with general information regarding 
the process, the next logical step is to 
develop the analytical phase. Decision 
as to determinations will be influenced 
by anticipated pollutional constituents 
in the waste and the primary objec- 
tives of the program. In considering 
analytical work, it is advisable to set 
up minimum requirements beyond 
which priorities may be fixed for other 
desirable but not essential tests. Usu- 
ally, available time and funds enter 
into these deliberations. 

Organization of the analytical work 
should take into consideration subse- 
quent use of the receiving waters. 
The more common parameters of pol- 
lution should always be included. Cog- 
nizance should be taken of the fact 
that new manufacturing processes and 
complex waste mixtures may produce 
wastes requiring research on analytical 
methods. <A discussion of such analyti- 
cal problems is beyond the purview of 
this paper. 


Sampling Program 


The objective of all sampling is to 


collect a representative portion for 
analysis, the results of which will por- 
tray the true picture of the material 
sampled. There are many considera- 
tions relative to sampling which apply 
generally and the special problems 
must be solved individually as they 
arise. 

The approach to industrial waste 
sampling deviates somewhat from the 
more or less standard procedures em- 
ployed in sewage treatment works con- 
trol. The program for sampling indus- 
trial wastes must be tailored to fit the 
operations of each manufacturing 
plant and the characteristics of the 
wastes produced. Even the novice in 
industrial waste work will recognize 
the need for special procedures in sam- 
pling such wastes as the combined dis- 
charge from an integrated steel mill. 
This discharge will contain floating 
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oil; mill scale, which settles rapidly ; 
and such highly volatile dissolved gases 
as hydrogen cyanide and hydrogen sul- 
fide. Furthermore, batch dumping of 
spent acid from discontinuous pickling 
operations will cause significant vari- 
ations in pH and iron content. 

Examination of an up-to-date sewer 
map showing sewer locations with re- 
spect to manufacturing areas will fa- 
eflitate the establishing of sampling 
points and decision as to the number 
of samples to collect. It is desirable 
to analyze the major individual wastes 
within the plant as a check against 
quantities appearing in the combined 
discharge. This procedure not only 
gives a more complete picture but also 
provides data of maximum value. 
Corrections are frequently necessary 
for constituents present in the indus- 
trial water supply. 

The number of samples must be syn- 
chronized with the number and type 
of determinations and the physical ¢a- 
pacity of the analysts. It should be 
recognized that the rate of performing 
analytical work varies widely and that 
overloading of the laboratory may re- 
sult in inferior work. Personnel re- 
quirements have been estimated for 
various analytical programs (1). The 
chief analyst should collaborate in pre- 
paring the sampling schedule, thus as- 
suring a balanced program. The lab- 
oratory should be provided samples 
for exploratory work prior to routine 
sampling. 

The objective of the sampling pro- 
gram will govern the duration of the 
project and the type of samples to be 
collected. It is seldom that depend- 
able data can be assured in less than a 
d-day study, although not necessarily 
consecutive days. A two-week period 
is recommended. The types of liquid 
samples may be broadly classified into 
two groups; namely, grab samples and 
composite samples. 

The grab sample serves as a spot 
check. The analytical results from a 
grab sample are of limited value, but 
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may be useful in investigating abnor- 
mal waste characteristics. A series of 
grab samples is useful in tracing con- 
stituent variations. Waste concentra- 
tions caused by batch dumping can 
thus be shown, whereas compositing 
levels off these peaks. Textile finish- 
ing wastes exhibit still another dis- 
charge pattern. Such wastes in the 
first part of the day may have a pH 
as high as 11.0, followed by a low of 
3.5, with a composite pH slightly above 
neutral. Potential damage from these 
extremes is completely concealed by 
the composite. Grab samples are es- 
sential for such determinations as dis- 
solved oxygen, chlorine demand, and 
chlorine residual. 

Composite samples show the average 
conditions and give results which are 
useful in computing quantities of 
waste materials discharged per 24-hr. 
day or per shift. If the rate of flow 
is constant, the composite is composed 
of a number of uniform portions col- 
lected at frequent regular intervals. 
However, if the rate of flow varies, as 
is usually the case, a weighted com- 
posite is collected, in which ease the 
volume of each portion is proportional 
to the rate of discharge at the time it 
is collected. If the samples are com- 
posited manually, this means instan- 
taneous determination of discharge 
rate from a flow chart and reference 
to a previously prepared table or chart 
giving size of sample portions corre- 
sponding to various discharge rates. 
Composite sampling has the advantage 
of minimizing analytical work. 

Liquid wastes from continuous 
manufacturing operations are nor- 
mally composited either over an 8-hr. 
shift or on a 24-hr. basis. Occasionally 
samples composited over 4-hr. periods 
may be representative. Many proe- 
esses are sufficiently uniform to give 
a fairly constant rate of waste dis- 
charge. However, plant and equip- 
ment clean-up is commonly concen- 
trated in the day shift. It is also 
possible that a minimum operating 
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erew on the graveyard shift might ex- 
perience irregularities that 
would influence the character and vol- 
ume of the wastes discharged. In ease 
of doubt, each shift should be sampled 
separately or the composite should be 
over 24 hr. The only truly representa- 
tive sample is the weighted 24-hr. com- 
posite. It is advisable to divide an 
industrial waste survey into two phases 
in order that experience from the first 
phase may be applied to improve the 
second and the project as a whole. 


Manual Sampling 


Manual collection of samples is prac- 
tical and reasonable for exploratory 
work and for short-time surveys. The 
practice should not be thought of as 
reversion to horse-and-buggy days. 
It gives needed flexibility to the pro- 
gram and provides a record of unusual 
occurrences which might affect the 
samples. In some cases, the sampling 
ean be performed with approximately 
the same man-hours as required for 
installation and checking of an auto- 
matic sampling device. Manual samp- 
ling provides basic information useful 
in preparing specifications for auto- 
matic sampling equipment and contin- 
uous recording instruments, which 
may later be recommended. 

Except where the distance between 
sampling points is too great, one man 
per shift can take all samples and re- 
cord essential data. The interval be- 
tween collection of composite sample 
portions may be as short as 3 min. for 
an intensive study. The sampling in- 
terval should not be greater than 30 
min. and a 15-min. interval may be 
essential. In general, the shorter the 
time interval the more truly represen- 
tative will be the sample. 

Scientific aides from the research or 
engineering departments usually pos- 
sess the desired qualifications for sam- 
plers. Regardless of their background, 
it is imperative that samplers be given 
explicit instructions. These should 
preferably be in writing for econveni- 
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ent reference. The instructions should 
be systematic, concise, and complete. 
Misunderstanding can be minimized 
and a higher level of performance can 
be achieved by demonstrating, to the 
sampling team collectively, the tech- 
niques and procedures to be employed. 
It is advisable to acquaint the sam- 
pling team with the over-all objective 
of the project as a means of creating 
job interest. Each sampler should be 
made to realize the importance of col- 
lecting a representative sample. Inso- 
far as possible, laboratory techniques 
are projected into the field in the col- 
lection of samples. For example, the 
use of protected graduates in meas- 
uring the portions composited pro- 
duces a desirable psychological effect 
on the sampler and creates in him an 
appreciation of the need for accuracy. 
The sampling team should be briefed 
on personal safety measures, especially 
the hazards associated with entering 
sewer manholes. A two-man team is 
customary when entering manholes. 


Sampling Equipment 


Manual sampling of industrial wastes 
can usually be satisfactorily accom- 
plished with simple collecting devices. 
When the wastes are homogeneous, a 
stainless steel dipper mounted on a 
rigid, light-weight rod may prove sat- 
isfactory. It should be cylindrical in 
shape with wide-mouth opening (2 in. 
minimum) to allow ready ingress and 
egress of suspended solids. The sam- 
pling container should be sufficiently 
large to give an adequate quantity for 
the largest portion composited. 

It is occasionally desired to explore 
the characteristics of wastes at dif- 
ferent depths in large sewers. This 
can be accomplished by lowering a 
weighted bottle to the desired depth 
before removing the stopper and then 
holding it in place until the bubbles 
cease to rise. There will be very little 
waste displaced from the full bottle 
while it is being drawn to the surface. 
When visibility is poor, an alternative 
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Trigger Release 


FIGURE 1.—Manual sampler for col- 
lection of a vertical cylindrical sample. 
(Courtesy Shell Oil Company.) 


system is to fix the suction of a pump 
at the point in the flowing waste where 
the sample is to be collected. 

When stratification is suspected, it 
is desirable to collect a sample through- 
out the full depth (cross-sectional 
sampling). Various samplers have 
been devised for this purpose. In gen- 
eral, this type sampler consists of a 
cylinder open at each end, with pro- 
vision for automatically stoppering the 
lower end when the bottom of the 
sewer is reached. The Shell Oil Com- 
pany Standardization Committee (2) 
has developed an ingenious sampler of 
this type (see Figure 1), consisting of 
a graduated plastic tube, which moves 
freely inside an aluminum guide. In 
sampling position, the tube is raised 
and set on the trigger support. The 
sampler is then lowered into the waste 
until the trigger release touches bot- 
tom. This impact trips the trigger, al- 
lowing the tube to drop through the 
waste and to make a seal with the 
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rubber stopper. This device is recom- 
mended for sampling where the depth 
of flow is less than 1 ft. 

The volume of an industrial waste 
sample required for a fairly complete 
analysis will normally range between 
2 and 3 liters. The quantity submitted 
to the laboratory should include a sur- 
plus for check analyses. When the 
waste contains settleable solids, the bot- 
tles should be large enough to allow 
some air space, which facilitates mix- 
ing in the laboratory. The number of 
sample bottles must be sufficient to per- 
mit holding each sample until the ana- 
lytical work has been completed and 
checked. 

The container used for compositing 
may well be a 3- or 5-gal. glass carboy. 
Unless the individual portions are of 
interest to show the pattern of con- 
centration fluctuations, it is advisable 
to composite each portion as collected. 
The whole procedure is simplified by 
keeping composite bottles, in sheltered 
areas, at the respective sampling points. 
This practice also precludes introdue- 
ing portions taken from one sampling 
point into the composite from another, 
which is always possible when all com- 
posite bottles are arrayed at a common 
point. 

There are certain minimum require- 
ments which should be observed with 
respect to sampling equipment. For 
example, some solvents in wastes will 
attack rubber stoppers, thereby con- 
taminating the samples. Another is the 
influence of corrosion of iron caps on 
an iron determination. Sample _ bot- 
tles with ground glass stoppers should 
be specified. In addition to glassware, 
sampling equipment should include 
such miscellaneous items as a log board, 
cross-section paper, flashlight with ex- 
tra batteries, thermometers, folding 
rule, tarpaulin, funnels, jack knife, and 
hatchet and nails. 


Sampling Considerations 


Procedures to follow in sampling will 
always require exercise of judgment— 
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ability which develops with experience. 
Each sampling point will warrant at- 
tention commensurate with its complex- 
ity. There are, however, basic ideas 
which apply generally to sampling tech- 
nique. Consideration of the following 
items usually enters into the organiza- 
tion of each sampling program: 


1. Preferred sampling point. The 
sample should be collected where the 
wastes are homogeneous. These condi- 
tions usually exist below a weir, Par- 
shall flume, or hydraulic jump. Care 
should be exercised in sampling below 
a weir. Serious sampling errors can 
occur from deposition of -settleable 
solids in the pool upstream from the 
weir and from the accumulation of 
floating oil or grease immediately down- 
stream. 

2. Sampling sewers and deep, nar- 
row channels. Avoid skimming the 
water surface and dragging the channel 
bottom. A sampling point one-third 
the water depth from the bottom is 
suggested. 

3. Sampling discharge through large 
conduits. In wide channels, the point 
of collection should be rotated across 
the channel. In deep conduits, the 
most satisfactory depth to sample might 
well be determined by experiment. 

4. Velocity distribution. Most sam- 
pling is done at sewer outfalls, sewer 
manholes, or in conduits flowing partly 
full. These represent open-channel 
conditions. <A vertical velocity curve 
generally shows the maximum velocity 
to occur near the center of the channel 
and two-tenths or three-tenths the 
depth below the water surface. The 
minimum velocity occurs along the 
walls and bottom. At the point where 
the sample is collected, the velocity 
should be sufficient to prevent deposi- 
tion of solids. 

5. Induced turbulence. Agitation in 
measuring, collection, and handling of 
the sample portions may liberate dis- 
solved gases through aeration. Field 
determinations should be made when 
such losses are suspected. 
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6. Sampling from deep sewer man- 
holes. The sampling mechanism must 
be kept under control at all times to 
prevent contamination of the sample 
with extraneous material. Adequate 
lighting must be provided for routine 
sampling and to facilitate inspection. 

7. Weather conditions. Outside sam- 
pling is most satisfactory during mild 
weather, at which time there is a min- 
imum of steam emanating from sewer 
manholes. A portable blower is useful 
in alleviating the steam nuisance. Pre- 
cipitation is recorded and proper cor- 
rections are made. 

8. Proportionate sampling 
Serious errors may be introduced in 
the suspended solids concentration dur- 
ing proportioning. This can easily re- 
sult from failure to keep the sample 
well-mixed while pouring into the meas- 
uring receptacle. It may also result 
from virtual decantation, by delaying 
measurement, in striving for volume 
accuracy. Rapid measurement of the 
individual volumes is essential. 
plers should be alerted to these poten- 
tial errors. 

9. Sampling for oil. Collection of a 
representative sample of waste water 
containing oil is most difficult. Al- 
though each sampling job presents its 
own peculiar difficulties, there are basic 
considerations which are generally ap- 
plicable to sampling for oil. 

Petroleum oils are relatively insol- 
uble in water; accordingly, mixtures 
of water and oil usually constitute a 
heterogeneous mixture. Even though 
the oil may be dispersed in small glob- 
ules, some oil will adhere to the sam- 
pling device each time a portion is 
collected, 
vision for compositing. 

It is practically impossible to obtain 
a representative sample when there is 
free floating oil. 


errors. 


Sam- 


This requires special pro- 


However, it is pos- 
sible to collect composite samples from 
a heterogeneous mixture. Because it 
is not possible to take aliquot portions 
of a sample for analysis, it is impera- 
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tive that the entire sample be taken 
for analysis. 

One system that has been used is to 
insert two glass tubes through a rubber 
stopper in a glass sample bottle. Each 
portion is taken directly into the bottle 
through the inlet glass tube, which ex- 
tends to a point near the bottom of the 
bottle. The second glass tube, which 
serves as an air release, is raised a pre- 
determined amount each time a portion 
is to be added. Oil adhering to the inlet 
tube and the inside of the bottle is ex- 
tracted by the solvent used in analysis 
and is included in the sample. 

The American Petroleum Institute 
Committee on Disposal of Refinery 
Wastes has long been confronted with 
the problem of sampling for oil in 
refinery effluents. The best informa- 
tion on this subject available to the 
Committee is summarized in a manual 
entitled ‘* Disposal of Refinery Wastes”’ 
(3). The reader is referred to Section 
I of this manual for further informa- 
tion on sampling for oil. 

10. Sampling for acidity. Lrregular 
discharge of acid wastes, such as spent 
pickle liquor, makes it desirable to de- 
termine the plI of each portion col- 
lected. Hydrogen ion concentration 
may be determined either colorimetric- 
ally or electrometrically by means of 
the hydrogen electrode and the poten- 
tiometer. This determination can usu- 
ally be made in the field but, if not 
practicable, the individual portions 
should be transported to the laboratory 
and the pH of each determined before 
compositing. 

11. Protection of sampling mechan- 
ism. The dipper or container used for 
sampling should be treated as a lab- 
oratory item. When not being used, it 
should be kept off the ground and up- 
side down. A separate sampling con- 
tainer should be provided at each sam- 
pling point. Samplers and sampling 
containers should be washed and clean 
before each sampling period is started 
and bottles should be protected by 
stoppers. 
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12. Identification of samples. <A 
standard identification card should be 
prepared by the sampler for each sam- 
ple and attached to the bottle before it 
is moved from the sampling point. 
This card gives date and time of col- 
lection, origin of sample, method of col- 
lection, name of sampler, and pertinent: 
remarks. 


Sample Preservation 


The heterogeneous character of most 
trade wastes renders them relatively 
unstable. The rate of change is in- 
fluenced by temperature, pH, concen- 
tration, bacterial action, and _ inter- 
molecular reactions. The problems of 
preservation are complicated by the 
fact that treatment to fix one constit- 
uent may liberate another. This means 
multiple sampling at each point for 
stabilization by different methods. 

Specifications for stabilizing a sam- 
ple must satisfy several requirements. 
First, are the steps to be taken during 
the period the sample is being com- 
posited. Next, is the time factor and 
conditions while in transit to the lab- 
oratory and temporary storage while 
being analyzed. Finally, consideration 
must be given to the effect which the 
treatment for preservation may have 
on the analytical procedures to follow. 

Prompt analysis is the most positive 
assurance against error from sample 
deterioration, but this does not satisfy 
requirements of the composite, portions 
of which may be stored for as long as 
24 hr. It is imperative that stabiliza- 
tion be attempted. Procedures being 
used to preserve industrial waste sam- 
ples include refrigeration, acidification, 
alkalinization (occasionally causticiza- 
tion), and chemical treatment. Chem- 
ical treatment stabilizes either by di- 
rect chemical reaction, as zine acetate 
to fix sulfides, or through inhibition of 
biological activity, for which copper 
sulfate to hold phenol is typical. Lab- 
oratory work with wastes containing 
hydrogen cyanide indicate causticiza- 


SAMPLING PROCEDURES 51 


tion (pH 10 to 11) to be essential for 
stability. 

Refrigeration is the most common 
method for sample preservation. Those 
who have worked with highly organic 
wastes, such as those from the food 
processing industry, will attest to their 
rapid decomposition at room temper- 
ature. Temperature control at approx- 
imately 4° C. retards bacterial action 
and suppresses volatilization of dis- 
solved gases. Refrigeration is partic- 
ularly important for the biochemical 
oxygen demand determination, for 
which prechemical treatment is pro- 
hibited. 

Published methods for ‘‘fixing’’ wa- 
ter-borne industrial wastes have been 
summarized by Hauck (4). This sum- 
mary indicates the need for further re- 
search in this field. A subcommittee of 
Committee D19 (on Industrial Water) 
of the A.S.T.M. has been organized to 
study and develop dependable proced- 
ures for preservation of various types 
of industrial waste samples. 

The procedure used to preserve un- 
stable constituents in a sample should 
be described in discussing the analytical 
results. In the absence of a proven 
method for preserving unstable con- 
stituents in a sample, the probable error 
should be designated in reporting the 
analytical data. 


Mechanical Sampling 


Modern industry, with its highly 
trained engineers and technologists, is 
a natural development area for mechan- 
ical and electrical equipment. Mechan- 
ical sampling of liquid industrial 
wastes is, accordingly, a foregone con- 
clusion for permanent installations. 
Industrial technicians not only possess 
the ‘‘know-how’’ to develop automatic 
sampling equipment, but they are also 
skilled in maintenance. Proof of this 


‘assertion rests in the published descrip- 


tions of ingenious sampling devices 
recently developed by representatives 
of industry (5)(6)(7). The samplers 
described in these references were de- 
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veloped for sampling liquid wastes 
relatively free from suspended solids. 
Modifications in the design of these 
samplers would be expected when ap- 
plied to other types of wastes. 
Mechanical sampling of liquid wastes 
is by no means a new idea. In fact, 
various designs have been employed for 
years in sampling domestic sewage. 
Some of these earlier devices have been 
perfected and are available commer- 
cially for sampling trade wastes. 
Correctly designed, properly in- 


stalled, and skillfully operated mechan- 
ical equipment for sampling industrial 
accomplishes 


wastes four 


namely : 


purposes, 


1. Eliminates inevitable errors due 
to the human element in manual sam- 
pling. 

2. Reduces to a minimum costly per- 
sonnel requirements. 

3. Eliminates a routine task which 
can devolve into an irksome chore. 

4. Provides a more frequent sample 
than is practicable by manual sampling. 


Some automatic samplers are de- 
signed to collect weighted composites; 
others composite uniform portions at 


FIGURE 2.—Two proportional samplers operating in parallel. 
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regular intervals without reference to 
flow. Those samplers collecting por- 
tions proportional to the flow accom- 
plish this in two ways. One type takes 
a portion at regular intervals, the size 
of each portion being directly propor- 
tional to the discharge at the time of 
collection. The other type is actuated 
by a flow meter transmitter or totalizer, 
or employs a proportioneer in conjunc- 
tion with a primary measuring element, 
which causes a portion of uniform size 
to be collected each time a fixed volume 
of waste is discharged. Further dis- 
cussion is confined to proportionate 
samplers. 

The first type of proportional sam- 
pler is illustrated in Figure 2. The 
principal feature is a metal disk with 
a narrow flat scoop attached, which 
is rotated inside a weir box by a small 
motor. The scoop is so designed and 
mounted that the sample taken each 
time the disk revolves is directly pro- 
portional to the flow over the weir at 
that time. Scoops are provided with 
two slot openings, one with 3¢-in. and 
the other with 34-in. width of opening. 
The %4-in. scoop is intended for wastes 
having large solids that might lodge 


The unit on right is 


just starting to take a sample; the other is just finishing discharge of a sample to the 1-gal. 


jug in left foreground. 


(Courtesy H. A. Trebler.) 
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in the narrower scoop. The sampler 
is available with or without time-clock 
control. The time-clock controlled ma- 
chine is normally used where the flow 
is steady and sampling once every 15 
min. is satisfactory. The depth in the 
scoop of the average size sample gives 
directly the average head on the weir 
during the sampling period. 

Another design employing the same 
principle is shown in Figure 3. This 
sampler, also mounted back of a weir, 
takes a series of samples, each propor 
tional to the flow at the time collected. 
The sampler proper consists of a ver- 
tical tube with a specially curved 
plunger on the inside. The plunger is 
raised and lowered by means of a pis- 
ton operating within an air cylinder 
located immediately above. The operat- 
ing cycle is controlled by an electric 
timer, which actuates a solenoid valve 
at fixed intervals, causing the plunger 
to withdraw a sample of the flowing 
liquid and to deposit it in a graduated 
container. The waste enters the tube 
through radial slots at the lower end 
when the plunger is in the down posi- 
tion. The shape of the plunger is cal- 
culated to make the volume of waste 
entering the tube proportional to flow 
over the weir. The radial slots must 
be sufficiently large to prevent strain- 
ing suspended solids from the waste 
being sampled. 

Figure 4 is typical of the second type 
of proportional sampler. In this unit, 
the waste flows by gravity or is 
pumped to a small reservoir inside the 
sampler body. Discharge from this 
reservoir is by gravity over a weir. 
The sampling mechanism dips a fixed 
size (25-ml.) sample from the liquid 
just before it flows over the weir and 
deposits it in a 1-gal. bottle located in 
a refrigerated compartment. A small 
sampler motor causes the dipper to 
revolve intermittently and at varying 
intervals. The rate of sampling can be 
adjusted between 3 and 20 samples per 
hour. The frequency of sampling can 
be regulated by the transmitter of an 
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FIGURE 3.—Liquid waste proportional 
sampler and electric timer. Sample por- 
tions are deposited in a graduated con- 
tainer, from which a direct reading of the 
total flow for the sampling period is ob- 
tained. (Courtesy DeZurik Shower Com- 
pany.) 


electrically operated totalizing flow 
meter or by connection to the totalizing 
meter itself. Proportional sampling 
can also be accomplished by means of 
a float-controlled timer, which intermit- 
tently closes an electric circuit between 
it and the sampler motor. An installa- 
tion of this mechanical sampler, with 
pump and float-controlled timer, is 
shown in Figure 5. 

As electricity is not always available 
at sampling points, there is occasional 
need for portable sampling equipment. 
Figure 6 shows a portable sampler 
operated by a car heater motor, which 
uses a storage battery for power. A 
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FIGURE 4.—Top view of automatic sampler, showing principal parts. A constant-size 
portion is dipped from the waste reservoir at intervals which vary with the flow. (Cour- 
tesy Chicago Pump Company.) 


time-clock fixes the sampling interval Although mechanical sampling would 
at 15 min. and each portion is propor- appear to offer numerous advantages 
tional to the flow at the time it is col- over manual sampling, it should be 
lected. realized that automatic samplers also 
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have limitations. Like all mechanical 
equipment, they require maintenance. 
Close attention is necessary when the 
waste contains heterogeneous suspended 
solids, some of large diameter. Me- 
chanical samplers are restricted as to 
diameter of feed pipe, width of scoop, 
and size of slots. Individual portions 
must be small, otherwise excessively 
large receivers are needed. Daily 
cleaning ef all parts in contact with 
the waste is mandatory. Another lim- 
itation is the fixed sampling point. 
The manual sampler can rotate sam- 
pling points to cover the entire cross- 
section of flow if this proves desirable. 
From the foregoing, it will be apparent 
that a mechanical sampling installation 
should be checked by parallel manual 
sampling prior to acceptance. 

A complete discussion of mechanical 
sampling equipment is beyond the scope 
of this paper. This review is intended 
to acquaint the reader with representa- 
tive equipment that is available. Those 
interested in exploring the subject fur- 
ther are referred for detail to manufac- 
turers’ catalogs, to published articles 
describing devices developed by indus- 
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try, and to other publications dealing 
more specifically with automatic sam- 
plers (4) (8). 


Measuring Procedure 


The network of sewers and piping 
in a modern industry presents prob- 
lems in flow measurement that tax the 
ingenuity of the most competent hy- 


draulician. Although every conceiv- 
able method for measuring liquids 


eventually receives consideration, there 
are some procedures which are used 
much more frequently than others. 
Because the great majority of indus- 
trial waste flow measurements are made 
at sewer outfalls or in sewers flowing 
partly full, this discussion is devoted 
primarily to open-channel flow. 


Selection of Method 


Consideration must be given to the 
reliability and accuracy of the various 
methods for measuring liquid wastes 
which are applicable to the specific field 
conditions. The approach to this prob- 
lem will be influenced in some measure 
by the degree of permanency. Testing 
facilities frequently involve a compro- 


FIGURE 5.—Portable automatic sampler, showing pump, sampler, and float-controlled 


timer. 
longitudinal clarifier. 


Float-actuated timer (pedestal mounted) is installed at inlet end of covered 
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FIGURE 6.—Portable proportional sampler, showing principal components. 
to right are the motor, clock, dipper, and storage battery. 


Resources Commission.) 


mise between cost and acceptable re- 
sults, whereas greater refinements may 
be justified for permanent installations. 
Final decision as to the preferred 
method for a given installation will 
be based largely on the objectives of 
the project as outlined in an earlier 
section of this paper. 

There are a number of excellent ref- 
erences on the subject of hydraulics 
(9) (10) (11) (12). Review of such ref- 
erence material is encouraged in con- 
nection with design of flow measuring 
This procedure, for those 
not routinely engaged in this phase of 
engineering, will go far in improving 
the quality of flow data obtained. The 
discussion which follows, although ele- 
mentary in nature, presupposes some 
knowledge of hydraulics. 


systems. 
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> 


From left 
(Courtesy Michigan Water 


Flow Estimates 


The first consideration in design of 
a hydraulic structure for measuring 
liquid wastes is to estimate the max- 
imum, minimum, and average flows for 
which accurate measure is desired. 


Occasionally, water consumption cor- 
related with plant operations will suf- 


fice for this purpose. In most cases, it 
will be preferable to make ‘‘on-the- 
spot’’ checks. Any one of the follow- 
ing methods may prove useful. 

1. Surface floats. Any object that 
floats with its center of gravity near 
the surface of the water will register 
the velocity of the surface filaments. 
The mean velocity in the vertical is 
obtained (9) by multiplying the sur- 
face velocity by the coefficient 0.85. 
Application of the mean velocity to the 
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cross-sectional area of flow should give 
a conservative value for discharge. 

2. Volumetric measurements. It 
often is possible to time with a stop- 
watch the filling of a container of 
known volume. Similarly, an existing 
flow-through basin may oceasionally be 
used by temporarily closing the outlet 
and timing the rise, making certain that 
free discharge at the inlet continues 
during the test. A series of readings 
should establish the pattern of flow and 
indicate the capacity required of a 
continuous flow-measuring instrument. 

3. Critical depth at outfall. Critical 
depth is the depth at which, for a 


given total head (p + =) , the dis- 


charge is a maximum. This refers to 
water flowing in an open channel at a 


depth D and with a mean velocity V. 
2 
The expression x (velocity head) rep- 


resents the kinetic energy of the flow- 
ing water. 

Applied to a sewer outfall with free 
discharge, critical depth occurs at the 
end of the sewer. Hinds (13) has 
shown that discharge from a rectan- 
gular sewer can readily be determined 
by measuring the critical depth and 
the width of the channel and substitut- 
ing these values in 

= 

in which Q= flow in cubic feet per 
second; g = gravity, or 32.16 ft. per 
sec. per sec.; b= channel width, in 
feet; and d, = critical depth, in feet. 

4. Pitot tube measurements. A pitot 
tube can be used to measure velocity 
head where the sewer is readily ac- 
cessible and the velocity is 3 ft. per 
sec. or greater. The head, h, is read 
and the velocity determined from 


The mean velocity is determined by 
plotting the velocity curves from tra- 
verses in two or more vertical planes. 
An alternative procedure for determin- 
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ing the mean velocity is to take the 
average of velocities at the 0.2 and the 
0.8 depths. Discharge is computed us- 
ing the mean velocity and the measured 
cross-section of flow. 

5. Sewer size and slope. In con- 
gested areas, it is not uncommon to ex- 
perience the need for information on 
sewer discharge under conditions which 
make installation of accurate flow-meas- 
uring devices impracticable. Usually 
it is possible to install a liquid level 
recorder in a manhole duwnstream 
from an unobstructed straight section 
of sewer, thus providing a continuous 
record of the depth of flow. Additional 
field data required include sewer size 
and slope and an estimated coefficient 
of roughness. Erosion of the sewer 
invert should be checked. It is always 
advisable to measure the sewer size 
when investigating roughness of the 
surface and to determine the invert 
slope by means of an engineers’ level. 

Because the formula for open-chan- 
nel flow is quite complicated, it is ad- 
visable to refer to prepared nomo- 
graphs to aid in its solution (14). 
Discharge through sewers flowing 
partly full is determined by first solv- 
ing for full-flow conditions and then 
converting to partial-flow conditions. 
An estimate of total flow can be made 
by applying the mean of discharge 
values corresponding to a representa- 
tive number of flow depths. 


Sharp Crested Weirs 


Weirs, because of their simplicity 
and economy of construction, have 
been widely used in measuring indus- 
trial wastes. The rectangular, 90° tri- 
angular, and specially designed weirs 
offer means of accurately measuring 
flow, provided certain precautions are 
taken. 

1. Rectangular weirs. Rectangular 
weirs may be suppressed, single-end 
contracted, or double-end contracted. 
Preference is given to the suppressed 
type because of the absence of any un- 
certainty due to the effect of end con- 
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FIGURE 7.—Sharp crested suppressed weir installed in a concrete flume; weir crest 
length = 32 in. 


tractions (see Figures 7 and 8). Rus- 
sell (10) recommends close adherence 
to the following conditions in design of 
either the suppressed or the contracted 
weir: 


a) The crest must be sharp-edged 


and horizontal. The crest length 
should be greater than three times the 
head, especially for a contracted weir. 

b) The height of the crest above the 
bottom of the channel should be suf- 
ficient to reduce the velocity of ap- 
proach to a negligible value. In a sup- 
pressed weir, this will require that 
the crest height be equal to or greater 
than 5H. For the contracted weir, 
the cross-sectional area of the channel 
should be equal to or greater than 
6bH (b = length of crest). The crest 
height should always be sufficient to 
give complete contraction on the under 
side of the nappe; all investigators in- 
sist that the crest height be at least 2H, 
and preferably 3H. 

¢) End contractions should be made 
complete by observing clearance of 3H 


between the ends of the weir and the 
sides of the channel. 

d) Provision must be made at the 
ends of the weir for the free admission 
of air to the space beneath the nappe. 
The existence of a partial vacuum here 
causes a depression of the nappe and 
increases the discharge. 

e) The head must be sufficient to 
prevent the nappe from clinging to the 
front face of the weir. 

f) The plane of the weir’s upstream 
face must be vertical and smooth. In- 
clination upstream reduces and a down- 
stream inclination increases the dis- 
charge. 

¢) Head measurements should be 
made at least 6 ft. upstream from the 
crest, above the effect of the surface 
curve. There are several types of 
liquid level recorders that provide a 
continuous record of the head on the 
weir (Figure 9). The recorder float 
should be installed in a stilling well 
adjacent to and communicating with 
the channel. 
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h) When a weir box is constructed, 
it should be long enough to allow the 
flow to become steady and free from 
large eddies before reaching the weir 
crest. Baffles or a slat grid are usually 
necessary, at the head of the channel, 
to quiet the water. Best results are ob- 
tained by placing wide slats close to- 
gether with their faces parallel to the 
flow. 

2. Triangular weir. The notch in 
the triangular weir is usually 90°, but 
may be 60°. In either case, both sides 
are equally inclined from the vertical. 
Formulas for triangular weirs do not 
take into consideration the velocity of 
approach. However, if the sides and 
bottom of the channel are far enough 
from the notch to give complete con- 
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traction, the velocity of approach must 
necessarily be low (see Figures 10 and 
11). 

The V-notch weir is preferred over 
other weirs for measuring discharges 
of less than 1 cu. ft. per sec. It is 
believed to be comparable in accuracy 
with other weirs for measuring dis- 
charges between 1 and 10 cu. ft. per 
sec. It is particularly adapted te meas- 
uring fluctuating flows up to 10 cu. 
ft. per sec. and is accurate for low 
flows. 

3. Cipolletti weir. The notch of the 
Cipolletti weir is trapezoidal, with the 
side slopes having an inclination of 1 
horizontal to 4 vertical (Figure 12). 
The objective in this design was to 
offset the effect of end contractions, 


FIGURE 8.—Sharp crested weir with end contractions; weir crest length = 18 in. 
Liquid level recorder in background. 
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FIGURE 9.—Typical liquid level recorder, which maintains a continuous record of the 
head on the weir. 


this correction. 
discharge through the 


thereby 
Accordingly, 
Cipolletti weir is equivalent to dis- 
charge over a suppressed weir of the 


eliminating 


same crest length. This weir is con- 
venient for use in installations where 
the heads are highly variable. The 
formula proposed by Cipolletti for this 
type weir is: 


Q = 3.367 b HY? 


4. Choice of formula. The selection 
of a formula for a given set of con- 
ditions is largely a matter of judgment. 
It is not possible to state that a certain 
formula is superior to others for gen- 
eral use. Because all weir formulas 
have been developed empirically, the 
proportions and velocity of approach 
for the particular weir installation 
should be studied and the formula used 
which was derived under similar con- 


ditions. When field conditions allow 
some latitude in design, it is prudent to 
closely duplicate the weir and condi- 
tions used by any one investigator and 
then to use his formula to compute the 
discharge. 

In the use of rectangular weir for- 
mulas (such as those of Francis, Bazin, 
and King), it must be remembered that 
they apply to suppressed (standard) 
weirs. If there are end contractions, 
it is necessary to determine the effec- 
tive weir length. The effect of end 
contractions on flow was studied by 
Francis, who recommended deducting 
0.1H, for each end contraction, from 
the measured weir length to give effec- 
tive weir length. The Francis corree- 
tion is an approximation and its use 
should be confined to weirs with crest 
length greater than 3H. Cone (11) 
has developed a formula for the flow 
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FIGURE 10.—Temporary 90° V-notch weir using tongue-and-groove lumber as backing 
for weir plate. 


of water through rectangular sharp 5. Limitations. Field conditions fre- 
crested weirs which takes into consider- quently do not conform to weir speci- 
ation complete end contractions. With fications. Head required to control 
the exception of the Cone formula, dis- velocity of approach is a common deter- 
charge computations for rectangular rent to their use. Available space is 
weirs with end contractions are based occasionally insufficient to give com- 
on effective length. plete contractions. Deviations from 


FIGURE 11.—Permanent 90° V-notch weir installation, outside dimensions 6.5 ft. by 8 ft. 
Baffle contains 4 rows of 142-in. pipe spaced 6 in. center to center; 28 openings. 
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standard design may give rise to sub- 
stantial errors in flow measurements 
unless the modified weir can be cal- 
ibrated by another, more accurate 
method. 

The pool upstream from the weir in- 
vites sedimentation, which in turn in- 
creases velocity of approach. Under 
extreme conditions, settleable solids 
may soon fill a weir box to the crest 
level. Design of a permanent installa- 
tion should inelude a sluice gate for 
routine flushing of solids from back of 
the weir. 

Weirs are occasionally constructed 
in sewer manholes and in other inacces- 
sible locations. They are used as an 
expedient in temporary installations 
under adverse conditions. The 
results of necessarily rough measure- 
ment should not detract from poten- 
tially high accuracy with correctly de- 


most 


signed and properly installed weirs. 
When not adhering to recommended 
procedure, the deviations should be 
described, together with their probable 
effect on the measurements. 


ve 
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Parshall Flume 


The Parshall flume was originally 
developed for measuring water flowing 
in irrigation channels (15). Its prin- 
cipal virtue, for this application, of 
being self-cleaning is equally applicable 
to liquid wastes containing settleable 
solids. It has been used in sizes rang- 
ing in erest length from 3 in. to 50 ft. 
and for discharges up to 3,000 eu. ft. 
per sec. Considerable interest has been 
shown in the Parshall flume for meas- 
uring liquid industrial wastes, espe- 
cially for permanent installations. 

This is an empirically rated measur- 
ing device. The flume is an open con- 
stricted channel, in which the differ- 
ences in elevation of flowing 
through are accurately translated into 
rate of flow. It consists of an entrance 
section with converging vertical walls 
and level floor, a throat section with 
parallel walls and floor declining down- 
stream, and an exit section with diverg- 
ing vertical walls and floor inclining 
downstream. 


waste 


FIGURE 12.—Cipolletti weir with 18-in. weir crest length. 
(Courtesy Geneva Steel Company.) 
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FIGURE 13.—Parshall flume constructed of steel to permit moving to other locations. 


This flume has a 3-ft. throat; cylindrical housing is for the water-level recorder. 


tesy Geneva Steel Company.) 


If backwater from the lower channel 
causes a hydraulic jump, the flow is 
referred to as submerged. The ratio of 
submergence is obtained by dividing 
the downstream head on the crest by 
the upstream head. The Parshall flume 
can withstand a relatively high degree 
of submergence without reduction in 
the rate of flow. Good design will hold 
submergence to less than 0.5 for a flume 
with a throat 6 in. wide, and for wider 
throats (up to 3 ft.) the ratio of sub- 
mergence should not exceed 0.7. 

The flume can be constructed of 
sheet metal (Figure 13), of concrete 
(Figure 14), or of wood. Satisfactory 
operation requires setting the crest at 
the correct elevation with reference to 
the bed of the channel. If the slope 
of the channel is slight, care should be 
taken to install the crest at an eleva- 
tion which, if possible, will preclude 
submergence that will exceed the limits 
of free flow. 

The most significant advantages of 
the Parshall flume are extremely low 
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(Cour- 


head requirements, very little effect 
from velocity of approach, self-clean- 
ing property, wide variations in capac- 
ity, reasonable and dependable ae- 
curacy, and no moving parts. The only 
apparent disadvantage is the slightly 
higher cost, as compared with weir 
construction. 


Current Meter 


The current meter is useful in meas- 
uring flow through large sewers where 
other methods may prove expensive or 
impracticable. However, the presence 
of rags, fiber, and slimes may impair 
the accuracy of the velocity readings. 
The meter can be damaged if used in 
corrosive waters. 


Flow Through Pipes 


Measurement of waste flow in pipes 
under pressure can be accomplished 
by any one of several methods. The 
Venturi meter is particularly well 
adapted to most industrial wastes. 
Pipe orifices are dependable for wastes 
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FIGURE 14.—Permanent installation of a Parshall flume measuring total discharge from 


an industry. This flume has a 5-ft. throat. 


relatively free from settleable solids. 
Both of these flow-measuring devices, 
with their applications and limitations, 
have been described in some detail by 
Hite (16). 
Radioactive Tracers 

Recent experimental work with ra- 
dioactive isotopes in flow tests has at- 
tracted considerable interest (17). The 
advantages cited for this new type of 
tracer are: 


1. Radioactive compounds emit dis- 
tinctive rays that may be positively 
identified, regardless of the chemical 
and physical composition of their sol- 
vents. 

2. Identification of such radiation 
is easily, quickly, and accurately ac- 
complished. 

3. The concentrations of radioactive 
material required for identification are 
much smaller than those required by 
chemical methods (dye or salt). 


(Courtesy Geneva Steel Company.) 


Although this method appears to 
possess unusual possibilities, its appli- 
cation must necessarily remain in the 
hands of the specialist. It will be in- 
teresting to see how far this new de- 
velopment will project itself into the 
broad field of hydraulies. 


Industrial Waste Record 


Industry should maintain a perma- 
nent continuous record of the character 
and volume of liquid wastes discharged 
to a natural watercourse or to a munic- 
ipal sewer system. Certainly no in- 
dustry could remain in business long 
without accurate knowledge of raw 
materials and their adherence to rigid 
specifications. Is there any valid rea- 
son why an accurate record of liquid 
wastes should not be maintained? Nu- 
merous cases can be cited where waste 
records have paid dividends through 
detection of leaks and spills. Such 
data have intrinsic value in satisfying 
a suspicious publie rapidly becoming 
allergic to stream pollution. There is 
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need for more data on unit losses for Acknowledgment 
various types of industries. But above 
all is the dire need for continuous rec- 
ords of industrial effluents in the de- 
velopment of an equitable water-use 
program. 


Appreciation is expressed to F. W. 
Mohlman, Director, Division of Lab- 
oratories, Sanitary District of Chicago, 
for citing limitations of mechanical 
sampling devices. 
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WASTE PICKLE LIQUOR TREATMENT AND 
DISPOSAL * 


I. 


The Problem of Waste Pickling Liquor Disposal 


By Tuomas F. Reep 


Chemical Engineer, United States Steel Company, Pittsburg, Pa. 


The problem of the disposal of waste 
pickling liquors has been a perennial 
headache to the metallurgical industries 
for a great many years. Many, many 
solutions have been suggested, a few 
with some merit and many without, 
but no practical general solution has 
emerged. In fact, it is quite possible 
that a general solution which will yield 
a profit may be difficult to find, so that 
the best general answer may not lead 
to a profit at all, but may lead to the 
cheapest net cost. 

The failure to obtain a general solu- 
tion to this knotty disposal problem 
certainly does not result from any lack 
of diligence on the part of those who 
face it. A great deal of time, money, 
and effort has been spent to seek out 
the answer. 

Having stated that the present lack 
of a suitable answer to the disposal 
problem is not the result of indifference 
or lack of diligence, consideration 
should be given as to why the many 
processes which have been proposed 
or which are now in use do not in 
themselves provide a suitable answer. 
Attention is focused primarily toward 
the disposition of the waste pickle 
liquor from installations using sulfuric 
acid, because discussion of this type of 
waste accounts for most of the problem. 

Sulfuric acid pickle liquor may 
be defined as that solution of ferrous 
sulfate and sulfurie acid which results 
when sulfurie acid is used to remove 

*A symposium presented at the 1951 An- 
nual Meeting, Pennsyivania Sewage and In- 


dustrial Wastes Assn.; State College, Pa.; 
Aug. 22-24, 1951. 
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surface oxides from steel. It contains 
small, and usually negligible, propor- 
tions of other metallie sulfates. The 
actual concentration of acid may vary 
from 1 to 10 per cent by weight; of 
ferrous sulfate, from 3 to 26 per cent. 

With these considerations in mind, 
the problem is to treat and dispose of 
large quantities of a relatively dilute 
solution of sulfuric acid and ferrous 
sulfate in such a way as to eliminate 
the possibility of pollution of natural 
waters, and to do this in the simplest 
way and at the least possible cost. <A 
desirable, though not indispensable, 
further requirement is that the disposal 
process should not have to mesh in too 
closely with the operation of a steel or 
coke plant, but would be substantially 
independent and capable of being op- 
erated at a reasonable rate, whatever 
the amount of waste liquor being pro- 
duced. Moreover, because any possible 
product recoverable from the liquor is 
almost certain to be of low value, the 
process should involve as little expense 
for transportation as possible. 

As to the scope and magnitude of the 
problem, it is estimated that within the 
United States more than 500,000 tons 
of 60° Bé sulfurie acid are used for 
pickling in a normal year; and that this 
use results in the production of more 
than 600 m.g. of waste liquor. 

Neutralization of the waste pickle 
liquor with the cheapest available alkali 
—admittedly an expensive expedient— 
is, perhaps, the most extensively used 
method of disposal. By rule of thumb 
it may be assumed that disposition of 
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a ton of equivalent acid in this fashion 
will cost at least as much as did the 
purchase of the original ton. 

The usual neutralizing agent for 
pickle liquor is lime, added until the 
liquor remains alkaline to phenolph- 
thalein, thereby precipitating a mixture 
of calcium sulfate and ferrous hydrox- 
ide. The sludge must then be discarded 
to some convenient location. Hydrated 
milk of lime is generally used because 
of its fineness; but even so, good agita- 
tion is indispensable for proper neutrali- 
zation with a minimum consumption 
of lime. A number of possible alterna- 
tives to lime as a neutralizing agent 
have been tried; with most of these re- 
agents, the reaction goes more slowly 
than with lime, even with good agita- 
tion and excess of the reagent; with 
many, the reaction must be completed 
with milk of lime to insure complete 
neutralization. The selection of which 
alkaline agent and what particular 
process to use should obviously be 
based on local circumstances. Present 
practice is generally to conduct the 
neutralization in an open vat or sump. 
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Generally, no attempt is made to decant 
the supernatant, because the settling 
rate is poor; furthermore, the thick- 
ened sludge is relatively difficult to 
handle. 

Outside of cost, the principal dif- 
ficulty of this disposal method resides 
in adequate disposal of the sludge. 
The customary procedure is to discard 
it into lagoons, where dewatering takes 
place by percolation through the soil 
and by solar evaporation. The material 
dewaters so slowly, however, that large 
disposal areas, not always available, are 
required. A more convenient sludge 
disposal would be afforded if the sludge 
could be filtered. 

The cost side of this disposal process 
would be helped considerably if some 
market could be found for the sludge. 
An attempt was made to do this in the 
past; the dried sludge in compressed 
blocks was offered for sale as a thermal 
insulating material. The original de- 
velopment did not meet with outstand- 
ing success, but the whole matter 
should, perhaps, be reviewed periodi- 
cally in case new factors develop. 


II. Waste Pickle Liquor Treatment by Armco Steel Corporation 
at Butler, Pa. 


By Grant A. Perit 
Industrial Waste Engineer, Armco Steel Corp., Middletown, Ohio 


The present treatment plant at the 
Butler Division of Armco Steel Corp. 
has been in operation since 1945 and 
covers the complete neutralization of 
not only waste pickle liquor but also 
all rinse waters connected with acid 
pickling operations. The treatment of 
waste pickle liquor and rinse waters is 
not new to the Butler organization, as 
these wastes have been treated much in 
the same manner for more than 20 
years. 

Waste pickle liquor is the spent 
pickling solution from continuous or 
batch-type pickling operations and con- 
tains an average of 5 to 6 per cent 


H,SO, and 15 to 20 per cent FeSO, 
from continuous pickling operations 
with lower percentages of acid content 
if coming from batch-type operations. 
Rinse waters cover all waters used to 
rinse the acid solution from the sheets 
as they come from the pickling baths 
and are only very slightly on the acid 
side from the neutral pH of 7. 

The treatment of both waste pickle 
liquors and rinse waters is required in 
this case because the Butler plant is 
located on Connoquenessing Creek, 


which, although not used as a source of 
drinking water, is used as recreational 
area along its entire length below the 
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plant to the Beaver River. In addition, 
the flow of this creek during the dry 
summer months is less than 5 m.g.d. for 
extended periods, so that it is readily 
realized that the problem has always 
been one of meeting complete treatment 
standards of the State of Pennsylvania 
and completely eliminating all acid and 
iron content from the waste pickle 
liquor and rinse water flows. 

Many and varied ideas have been 
tried to treat waste pickle liquor either 
separately or with rinse waters. For 
years, especially during the 1930's, 
everyone that had an idea for treating 
pickle liquor found his way to the 
Armco organization, as it was treating 
its wastes and was certainly interested 
in finding a better method of doing the 
job. Some of these ideas were of no 
value from the start, but many seemed 
to have possibilities and were tried out, 
some in laboratory only, others through 
laboratory and pilot plant stage. 

One of the most extensive experi- 
ments covered the reclaiming of acid 
by raising the acid content of the solu- 
tion and then cooling to precipitate the 
iron sulfate as the hepta hydrate, to the 
point where the pickling solution could 
be recirculated. 
same curves as the Martin process, ex- 
cept that in the latter process the liquor 
is heated and the monohydrate precipi- 
tated. This experiment was carried 
through pilot plant stage, full plant 
scale, until it was impossible to even 
give the exceedingly high cost iron sul- 
fate away. From all of this, as a re- 
view of the literature will prove, has 
come nq really satisfactory and equit- 
able solution. 

During all this time Armco was treat- 
ing its waste pickle liquor and rinse 
waters and lagooning the sludges in 
first one bed and then another. The 
present plant is the last of several, each 
of the others using very much the same 
principle but of varying sizes and im- 
proved design as increased production 
and experience dictated. 

All waste pickle liquor and rinse 
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waters from all units in the plant flow 
to two large collecting sumps. These 
sumps are concrete, acid brick-lined, 
23 ft. 4 in. inside diameter, and 18 ft. 
deep, with a combined operating ca- 
pacity of approximately 50,000 gal. up 
to the incoming sewer level. The waste 
liquor from the continuous pickling 
units flows by gravity through steel 
rubber-lined pipe and carbon brick- 
lined sewers to the sumps. Various 
other units throughout the plant re- 
quire the pumping of their wastes 
through steel rubber-lined or stainless 
pipe, as the ease may be. Stainless and 
electrical grade steels are processed at 
this plant, so that considerable nitric 
and hydrofluoric acid is used ; however, 
no attempt is made to segregate these 
wastes. The collecting sumps serve to 
even out the coneentration of liquor, 
temperature, and flow going to the 
treatment plant. Through a set of basket 
sereens, all foreign material is screened 
from the incoming flow so that the clog- 
ging of pumps is kept at a minimum. 
From these sumps the waste liquors are 
pumped by two 550-g.p.m. Durimet 
pumps through lead lines to the treat- 
ment plant. 


Treatment Plant Equipment 


The treatment plant (Figure 1) con- 
sists of : 


1. Two 550-g.p.m. Durimet ecentrifu- 
gal pumps, to pump the wastes from 
the large collecting sumps to the treat- 
ment plant. Chemical lead lines are 
used between the sumps and the treat- 
ment plant. 

One 1,100-g.p.m. Durimet centrifugal 
pump, used as an auxiliary to the 
above pumps and only in case of break- 
down. 

2. Four 18-ft. diameter, 10-ft. deep 
redwood tanks, 17,000-gal capacity, 
set one slightly higher than the other 
so that the liquor flows by gravity 
through the system. Each tank is con- 


structed with an overflow box running 
to within 2 ft. of the bottom, so that 
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the flow is from the bottom of each 
tank to the top of the next tank in line. 
Provision is also made for by-passing 
each tank for clean-out purposes. 

3. Four 1,700-g.p.m._ recirculating 
pumps. <A recirculating pump is con- 
nected through a center outlet to each 
tank and serves to recirculate the liquor 
from the bottom to the top of each 
tank. The pump on the first tank is of 
Durimet construction, with the others 
being all iron construction. 

4. One redwood slurry collecting 
tank, 12 ft. in diameter by 9 ft. 6 in. 
high, 6,000-gal. capacity. This tank 
serves to collect treated liquor, which 
is pumped to the sludge lagoons. 

5. Three 800-g.p.m. centrifugal sludge 
pumps. These pumps serve to pump 
treated liquor to the lagoons, which in 
this case are at approximately 270 ft. 
higher elevation than the treating 
plants. 

6. Two 8-in. spiral welded pipe dis- 
charge lines to carry treated liquors 
from the treatment plant to the sludge 
lagoons for final settling. 


7. Lime storage and mixing equip- 


ment. Dolomitie lime hydrate is re- 
ceived in bags loaded on pallets. These 
are unloaded by lift truck and placed 
in the storage building or they may be 
unloaded directly on the mixer plat- 
form. 

Two 730-gal. steel tanks with con- 
ventional slow-speed paddle mixers are 
used to mix the lime as a water suspen- 
sion. The bags of lime are cut open 
and fed to the mixers by hand. Two 
small all iron, 125-g.p.m. pumps are 
used to pump the lime suspension to 
the treatment tanks. 

8. Testing and control equipment. 
The necessary titrating equipment is 
provided for the operator to determine 
the acid and iron content of the incom- 
ing flow at stated intervals. A Fisher- 
Porter rotometer and recorder meas- 
ures the incoming flow in the pump 
line, with the daily record of flow and 
the quantity treated being recorded by 
this instrument. A Leeds-Northrup 
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pH recorder keeps a running record of 
the pH of the slurry in the last tank 
before the liquor is discharged to the 
lagoons. 

9. Sludge lagoons. It may seem odd 
to list a sludge lagoon under treatment 
plant equipment, but when the large 
installation necessary to handle the 
volumes of sludge produced is realized, 
it very definitely becomes the important 
part of treatment plant equipment. 
The lagoon being used (Figure 2) is an 
earthen basin cut out to give a 600,000- 
cu. yd. capacity and covers approxi- 
mately 21 acres. This lagoon will serve 
for about 5 to 6 years under present 
operation. 


Operation of Treatment Plant 


The treatment plant (Figures 3 
and 4) is operated on a continuous 
basis with the flow varying from 450 
to 1,100 g.p.m. according to the units 
in operation and the condition of the 
pumping equipment. The average flow 
is approximately 650 g.p.m. The large 
flow through the plant is due to the 
great volumes of rinse water, which in 
turn make the acid and iron content of 
the liquid to be treated very low except 
in the case of periodic tank dumps. 
The acid and iron content may vary 
from 0.1 per cent acid and 0.2 per cent 
iron sulfate up to 3 per cent acid and 4 
per cent iron sulfate according to the 
proportion of waste pickle liquor and 
rinse water coming to the treatment 
plant. 

The waste liqhors are pumped from 
the collecting sumps to the first treat- 
ment tank. This flow is discharged 
tangentially close to the edge of the 
tank so that circular motion is imparted 
to the liquid in the treatment tank. 
The recirculated flow of 1,700 g.p.m. 
in each tank is also discharged in this 
manner so that this same circular flow 
is maintained in each treatment tank. 
The incoming flow is tested at stated 
intervals and lime is added in the first 
treatment tank according to the test 
requirements. Provisions are also made 
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FIGURE 2.—Sludge lagoons of acid disposal plant, showing 600,000-cu. yd. lagoon in 
right foreground. 
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FIGURE 3.—Acid di 
3.—Acid disposal plant, showing pump and 
pump and control house with treatment tanks 
in background. 
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FIGURE 4.—Acid disposal plant, showing treatment tanks in foreground and lime 
storage and mixer house in right background. 


for lime addition to the second treat- 
ment tank, if necessary, but this is 
very seldom used. The total lime re- 
quired to completely neutralize the acid 
and iron content according to flow and 
analysis is, therefore, in most cases 
added only in the first treatment tank. 
The reaction of the lime and the acid 
content of the liquor is almost im- 
mediate, with only the recirculation 
and time element required to neutralize 
the iron content. The plant is designed 
on the basis of approximately 1-hr. 
retention and recirculation time at a 
flow of 1,100 g.pm. Thus, the com- 
plete neutralization of the acid and 
iron content of the liquor is assured. 
From the first tank through each 
successive recirculation tank to the final 
collecting tank, the flow is from the bot- 
tom of one tank to the top of the next. 
Experience has shown that in this type 
of treatment the recirculation of the 
waste liquor and lime suspension 
through centrifugal pumps serves to 


give satisfactory lime efficiency by 
breaking up the lime particles and as- 
suring excellent mixing. Several types 
of agitation and mixing have been tried 
through the years, but under the exist- 
ing conditions this type seems simpler 
and most economical. From the last 
collecting tank the slurry is pumped 
through two 8-in. lines to the 600,000- 
cu. yd. lagoon on top of the hill. The 
pH of this slurry is held between 8.5 
and 9.0, a record of which is kept on 
the pH recorder. The sludge is allowed 
to settle in the lagoon and the clean 
water is drawn off and returned to the 
mill water reservoir. 


Operational Data 


One operator and a helper in the 
lime mix house per shift are required 
to operate this plant, with a foreman 
working day shift only. As previously 
stated, there may be a wide variation 
in the acid and iron content of these 


wastes, but, due to the evening-out 
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effect of the rinse-water flow and the 
large retention in the collecting sumps, 
this change does not occur rapidly. In 
addition, it has been standard practice 
to let the treatment plant operator 
know ahead of time when large tubs of 
acid are to be dumped. In this way the 
operator is able to make his test at 10- 
to 15-min. intervals and add the lime 
requirement in batches. A lime addi- 
tion chart has been worked out to fit 
this type of treatment so that the oper- 
ator, after titrating the waste liquor 
and reading his flow measurement, can 
read directly the amount of lime re- 
quired. This chart is adjusted to allow 
between 5 and 10 per cent excess of lime 
over stoichiometric amounts required. 
The operator keeps a shift record of the 
time and analysis of each test, along 
with the amount of lime added. Addi- 
tional tests are taken as required, par- 
ticularly when several tubs are dumped 
at the same time. During these periods 
lime may be added to the second treat- 
ment tank. The recording pH meter 
on the effluent being pumped to the 
lagoons acts as a further check on 
operations. The operator also takes 
care of pump operation and adjust- 
ments. 

The helper cuts the lime into the 
mixers, operates the lime pumps, and 
since the lime has been received on 
pallets has taken care of all the un- 
loading of lime. The shipment of 
lime on pallets has proven very ef- 
ficient; to this method of shipment 
is attributed a considerable reduction 
in the cost of treatment. 

The foreman and operating crew take 
eare of minor pump repairs and ad- 
justments, with the regular mainte- 
nance crew of the processing depart- 
ment taking care of major breakdowns. 

The average operating data for the 
first five months of 1951 are as follows: 


Wastes treated (g.p.d.) 836,000 
Lime used per day (lb.) 40,150 
Lime used per ton of acid used (Ib.) 1,290 
Total operating cost per ton of acid 

disposed ($) 23.07 


Total operating cost per ton of steel 
pickled ($) 0.54 
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Conclusion 


As stated at the beginning of this 
discussion, the acid wastes at the Butler 
Division have been treated for more 
than 20 years, so that this paper is 
presented to give a complete picture 
of the lime neutralization treatment of 
these types of wastes on a large scale, 
rather than to present a new or revolu- 
tionary method of treatment. The 
biggest problem in connection with this 
type of treatment is, of course, the 
disposal of large quantities of sludge. 
The acquiring of land and the build- 
ing of additional sludge lagoons is an 
endless and continuous program, so 
that this process can only be used in 
certain locations. It is well to point 
out that this sludge dries out only for 
a thin layer on the surface and remains 
much the same underneath as when 
originally placed in the bed. Various 
filtering methods have been tried, as 
well as many ideas for reclaiming the 
sludge for other use, but as yet the 
lagooning idea seems most economical 
if that term may be used at all. Figure 
2 shows several abandoned sludge beds. 
It should be noted that the filtering of 
this particular sludge is made more 
complicated because of the percentage 
of other acids than H,SO, in the flow. 

It is realized that various additional 
refinements can be added to this treat- 
ment works and the company is con- 
tinually experimenting with various 
devices to improve this process. Con- 
tinuous addition of the lime suspension 
varied with the concentration of the 
incoming flow is being investigated. 
pH control has been tried at several 
stages in the operation, but the wide 
variation in FeSO, content has led to 
unsatisfactory operation. 

This treatment plant has worked 
very satisfactorily in that it serves to 
neutralize completely all acid and iron 
content of the waste pickle liquor and 
rinse waters and allow the return of 
the supernatant to the mill water sys- 
tem. This, of course, is at a cost which 
seems excessive when it is realized, as 
indicated by the data given, that it 
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costs more to neutralize a ton of acid 
than the acid cost originally. 

From the foregoing discussion it im- 
mediately becomes evident that the 
process described complies fully with 
the principles of stream pollution abate- 
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Walker of Conshohocken are manu- 
facturers of underfloor electrical dis- 
tribution systems, rigid steel conduit, 
electrical metallic tubing, mechanical 
steel tubing, and a wide variety of 
electrical wires and cables. Where 
necessary, the steel in process is cleaned 
in a bath of sulfuric acid, using the 
batch Waste pickling acid, 
more commonly referred to as waste 
pickle liquor, originates from this type 
of operation. 

The Walker plant is located directly 
on the bank of the Schuylkill River. 
With continuing expansion of opera- 
tions dating from 1926, at which time 
the manufacturing equipment was 
moved from Philadelphia to the present 
location, the problem of acid waste dis- 
posal became of increasing magnitude. 
This problem was brought into par- 
ticularly sharp focus as the result of 
Pennsylvania’s present intensive stream 
improvement program, which has been, 
and is, concentrated on the immediate 
improvement of the Schuylkill River. 

Over a period of many years Walker 
management expended considerable 
time and money in an effort to develop 
a practical method for acid waste dis- 
posal. More recently, the lime neu- 
tralization studies undertaken by the 
American Iron and Steel Institute Fel- 
lowship at the Mellon Institute of In- 
dustrial Research (1) were particularly 
evaluated by Walker engineers and 
consultants. 

Although lime neutralization of the 
waste pickle liquor appeared entirely 


process. 
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ment, but that it is expensive to oper- 
ate and cannot be applied in every case. 
Proposed new methods of treatment 
are being continually investigated in 
the hope that a new and more equitable 
method of treatment may be developed. 


Waste Pickle Liquor Disposal by Walker of Conshohocken 


By W. A. CuBBERLEY AND C. J. LEWIS 


General Superintendent, Walker of Conshohocken, and Technical Director, 
Warner Company, Philadelphia, Pa. 


feasible, the disposal of the resulting 
sludge presented a difficult problem. 
The sludge was not acceptable into the 
local domestic sewage system and no 
land area for impounding the sludge 
was available within a reasonable dis- 
tance of the Walker plant. The use of 
a mechanical device (such as a vacuum 
filter or a centrifuge) for dewatering 
sludge resulting from the lime-waste 
pickle liquor neutralization was judged, 
therefore, to be the best approach, pro- 
viding the sludge could be handled as 
fill. However, until 1947 the informa- 
tion available to those working on the 
problem gave little, if any, indication 
that lime-waste pickle liquor sludge 
could be successfully dewatered by 
mechanical means (2). 

During the summer of 1947, Warner 
Company, Philadelphia, collaborating 
with Columbia Steel & Shafting Co., 
Carnegie, Pa., developed and operated 
a pilot plant at the Warner Company 
research laboratories at Devault, Pa., 
the object of which undertaking was to 
develop a technique for producing a 
lime-waste pickle liquor sludge which 
could be mechanically dewatered at a 
practical rate (3). Acid waste from 
the Walker plant was among the several 
types of waste pickling acids studied 
at Devault, and appeared particularly 
adaptable to the dry lime addition pro- 
cedure being developed by these studies. 
As a result, Walker management pro- 
ceeded forthwith to install an acid dis- 
posal system based on the dry lime ad- 
dition technique and the use of a 
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rotary vacuum filter for sludge de- 
watering. 

The waste pickle liquor disposal in- 
stallation was brought into operation 
in July, 1950 and has continued to 
operate successfully ever since. 


Plant Description 


The existing plant consists essentially 
of two wood tanks of 11-ft. inside 
diameter and 11-ft. 4-in. inside height. 
Each tank is equipped with a sweep- 
type agitator turning at 10 r.p.m. and 
driven by a 5-hp. motor. Extending 
beneath the two tanks is a steel trough 
with screw conveyor powered by a 114- 
hp. gearhead motor. Hydrated lime 
in bags is elevated to a charging plat- 
form at the top of the neutralizing 
tanks, using a small elevator driven by 
a 14-hp. hoist. Waste pickle liquor is 
pumped into each of the 7,800-gal. 
tanks from a 10,000-gal. storage tank, 
which was constructed some years prev- 
ious for impounding the acid wastes. 
After lime neutralization and settling, 
sparkling clear supernatant liquor is 
decanted into an effluent holding tank 
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while the settled sludge is dropped into 
the trough beneath the tanks. The 
trough discharges to a string rotary 
vacuum filter, which is constructed es- 
sentially of mild steel and cast iron. 
The filter is 5 ft. in diameter with a 
3-ft. face. The filtrate is discharged to 
the effluent holding tank, while the 
sludge is discharged to a truck for haul- 
ing to the dump. The effluent from 
both the decanting and filtration opera- 
tions is aerated slightly, tested for 
quality, and then discharged directly 
to the Schuylkill River. Figure 1 
shows the general layout of the opera- 
tion just described. Figure 2 shows 
the building housing the installation. 

Figure 3 shows the effluent holding 
tank in the right foreground and one 
of the wood neutralization tanks. The 
piping arrangement for decanting clear 
supernatant liquor and the elevator for 
hoisting the lime, as well as the sludge 
receiving trough beneath the neutraliz- 
ing tanks can also be noted. 

Figure 4 shows dewatered sludge 
dropping from the vacuum filter to the 
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FIGURE 1.—Schematic diagram of waste pickle liquor treatment installation at 
Walker of Conshohocken. 
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FIGURE 2.—Building housing waste pickle liquor treatment installation, showing sludge 
transfer for removal to dump. 
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WASTE PICKLE LIQUOR 


FIGURE 4.—Vacuum filtration of lime-waste pickle liquor sludge. 


conveyor belt moving the sludge to the 
truck outside the building. 

When the installation described was 
originally designed, it was intended to 
accommodate about 3,000 gal. per 24- 
hr. day of concentrated waste acid only, 
obtained directly from the dumping of 
spent acid tubs. It was intended that 
the installation would operate one shift 
per day. Subsequently, however, it 
was not found feasible to isolate rins- 
ing waters for separate treatment or 
direct discharge to the Schuylkill, and 
shortly after start-up of the waste 
treating operation in July, 1950, it 
became necessary to add the total vol- 
ume of rinse water to the concentrated 
waste pickle. This considerably in- 
creased the volumes to be handled, but 
the only important effect on the waste 
treatment installation was the necessity 
for going to two-shift operation. For- 
tunately, the volume of sludge result- 
ing from the dry lime addition tech- 
nique is primarily dependent on the 
weight of acid neutralized, rather than 
on the liquid volume in which the acid 
weight is contained. In other words, 
the increased volume and increased 
dilution of the acid waste resulted in 
greater settling and more decantation, 
rather than a proportionately increased 
filtration problem. This was one of the 


points developed in the pilot studies 
made at Devault. The sulfuric acid 
equivalent (acid value) of the waste 
pickle has ranged from a low of 12.96 
to a high of 50.80. 


Operation of Plant 


In operating the disposal plant, 
about 7,000 gal. of waste acid is pumped 
through a neoprene-lined pipe from 
storage to neutralizing tank A. A 
sample is taken for determination of 
the acid value, which is a guide to the 
quantity of lime required, as well as 
to the probable settling time required 
for effective decantation after neutrali- 
zation. Wydrated lime is added di- 
rectly from the bag during continuous 
agitation until a pH of approximately 
9 is attained in the system. Agitation 
is then discontinued and the system 
allowed to stand, usually overnight. 
Meanwhile, the clear supernatant liquor 
from the previous day’s neutralization 
in tank B is being decanted. The 
volume decanted ranges from 60 to 80 
per cent of the initial volume. Fol- 
lowing this decantation, the sludge in 
tank B is dropped to the receiving 
trough and the rotary vacuum filter 
placed in operation. Filtering time on 
the sludge from a neutralization ranges 
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from 7 to 16 hr., or an average of 0.25 
lb. of sulfuric acid equivalent per 
square foot of filter area per hour. 
While the filter is in operation the one 
operator per shift has opportunity to 
check the entire operation, oil and 
grease equipment, and perform the few 
simple analyses required. When the 
truck receiving the sludge is filled, the 
operator shuts down the filter long 
enough to haul the sludge to the dump. 
The following morning, the decanting 
of tank A is started while tank B is 
being recharged with acid waste. The 
effluent in the effluent holding tank is 
usually checked for quality in the morn- 
ing and discharged to the river, al- 
though the cycle of discharge may vary, 
depending upon the volumes involved. 
At present, one operator per shift is 
not kept too busy running the entire 
installation. 


Lime Effectiveness 


During the design and installation of 
the acid waste disposal system, en- 
gineers from Walker of Conshohocken 
visited the acid disposal pilot plant 
of the Marblehead Lime Company, 
which began operations in Chicago in 
the summer of 1949. The studies which 
Osterfelt and co-workers (4) were un- 
dertaking at that time led to the de- 
velopment of a technique for using 
slaked and slurried high-caleium quick- 
lime, rather than dry hydrated lime, 
for producing an easily filterable lime- 
waste pickle liquor sludge. Because 
the use of lime slurry permits maximum 
lime efficiency in waste pickle liquor 
neutralization, it was hoped that the 
Walker installation could make use of 
the procedures developed by the Mar- 
blehead Lime Co. In the early stages 


of the operation at Walker, slaked and 
slurried high-caleium quicklime was 
tried, but without consistent success. 
It soon became apparent that, because 
of the high dilution of the concentrated 
acid with rinse waters and the wide 
fluctuation in acid value of the wastes 
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being treated from day to day, only the 
dry lime addition technique would yield 
a consistently filterable sludge. Opera- 
tions over the past year have also in- 
dicated that a hydrated dolomitic lime 
gives superior results to hydrated high- 
calcium limes in terms of sludge set- 
tling and sludge dewaterability. How- 
ever, it is pointed out that the choice 
of liming material is based on the eco- 
nomies and conditions prevailing at 
this particular installation. For each 
100 lb. of sulfurie acid equivalent 
neutralized at the Walker installation, 
approximately 110 lb. of dolomitie hy- 
drated lime is used. A typical analysis 
of a sample of effluent from the treat- 
ment operations at the time of dis- 
charge into the Schuylkill River is as 
follows : 


Determination P.P.M. 
Solids: 

Total 3,380 

Volatile 250 

Fixed 3,130 
Alkalinity 80 
Oxygen consumed 45 
Immed. oxygen cons. 0 
Iron, total 1.2 
pH 9.1 


Such analysis contrasts sharply with 
the high concentration of iron, sulfuric 
acid, oil, and grease in the original 
waste. The effluent from the operation 
is sparkling clear. The dissolved solids 
content is mostly calcium and magne- 
sium sulfates. At present there is no 
practical procedure for reducing the 
amount of these dissolved solids. 

The handling of the dewatered sludge 
from the filter has proved to be a 
simple operation. A 5-ton truck re- 
ceives the sludge cake removed from 
the filter by a continuous rubber belt 
conveyor. A thin bed of straw is first 
placed on the floor of the truck body 
in order to prevent sticking of the 
sludge cake when dumping (Figure 5). 

It has been observed that the sludge 
dries out at about the same rate as wet 
clay or mud, possibly a little faster. 
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FIGURE 5.—Chemical sludge from waste pickle liquor treatment makes stable fill 
material after vacuum filtering. 


As it initially comes off the filter it has 
a dark green appearance, due to the 
ferrous iron compounds. This, how- 
ever, rapidly changes to a rust color, 
due to oxidation of the iron. It is 
possible that the sludge undergoes some 
type of change with respect to chemical 
bound water. This might account, at 
least in part, for the relative rapidity 
with which the dumped sludge dries 
out. A typical analysis of the sludge is 
as follows: 


From filter: 
Total water (%)........... 5A 
Total solids (%)........... 46 
Ignited 1,800° F.: 
16.23 


It is believed that with continuing 
experience the present installation can 
be improved along a number of lines, 


including lime handling, greater lime 
efficiencies, and even more rapid sludge 
dewatering. This type of installation 
is considered particularly applicable 
where the total volume to be treated 
averages less than 1,000 gal. per hr. 
Because it is a batch process emphasiz- 
ing both sludge settling and sludge 
filtering, an installation such as de- 
scribed is not likely to be practicable 
where huge volumes of waste pickle 
liquor, such as issue from strip pickling 
operations, are involved. It is believed 
that Walker of Conshohocken is among 
the first of Pennsylvania’s steel fabri- 
eators to operate a pickle liquor dis- 
posal unit employing a rotary vacuum 
filter for sludge dewatering. 
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IV. Central Treatment Plant for Waste Pickle Liquor 


By Joun H. Harper 


Vice President, Industrial Wastes, Inc., Beaver Falls, Pa. 


The intensified program of the Com- 
monwealth of Pennsylvania to clean 
up the streams of the state, particularly 
in the postwar years, has brought re- 
sults. Specifically, nearly every indus- 
trial concern is either prepared to 
neutralize spent acid or has a plan 
under way to eliminate violations of 
the program. Many companies in the 
past have made serious attempts either 
to reclaim spent pickle liquors to ob- 
tain some commercial by-product or 
simply to neutralize and dispose of the 
residual sludge. The American Tron 
and Steel Institute established a fellow- 
ship at Mellon Institute for the study 
of this problem; the research is still 
going on, as the steel industry recog- 
nizes the importance of a sound, eco- 
nomical solution. The Sharon Steel 
Company, even before World War II, 
had a program for neutralizing spent 
acid and obtaining a by-product called 
‘*Feron.’’ However, the marketing of 
this product presented many problems, 
which have not yet been satisfactorily 
solved, and Sharon now operates as a 
straight neutralizing plant. The Ameri- 
ean Rolling Mill Company, in Butler, 
Pa., has also established a neutralizing 
plant where the sludge is pumped into 
lagoons and scooped out periodically. 
The Jones and Laughlin Steel Corpora- 
tion has experimented with the treat- 
ment of acid using a blast furnace 
slag, and it is understood that this 
method is considered successful. 


Factors Involved 

There are several factors surround- 
ing the establishment of a plant for 
neutralizing and these factors are usu- 
ally found in each individual case. 
They are proximity of the plant to the 
points where spent acid is generated, 
the availability of material for neutrali- 
zation, the availability of water as re- 
quired, and a suitable place for the dis- 
charge of sludge. The latter point is 
quite important, for the final settling of 
solids leaves the tinge of iron oxide, 
which may be acceptable for low-grade 
paint production, but is not a pleasant 
sight in the eyes of the public. The 
cost of a plant is usually prohibitive 
for small companies, and its operation 
cost would be excessive unless there is 
sufficient volume to keep the minimum 
force busy. Most companies prefer to 
charge such operations as a part of 
operating cost and to devote capital 
monies for additional plant facilities 
to produce articles for commerce and 
for profit, rather than to treat their 
waste materials. 

Considering the magnitude of this 
problem (large invested capital and 
high operating costs), it then seemed 
that a central disposal plant conven- 
iently located for transporting of waste 
materials from the souree of genera- 
tion to the neutralizing plant by tank 
trucks provided the best solution. This 
became particularly true when the 
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State Health Department clarified the 
position of industrial concerns with re- 
spect to rinse waters in their various 
pickling operations. In most cases, 
concerns could, with very little change 
in their method of operation, produce 
rinse waters of a satisfactory character 
to meet the state’s requirement for dis- 
posal directly into the streams. At 
first the idea of the central plant was 
thought of as being jointly owned and 
operated by several industrial concerns 
within a community; however, such a 
collective plan offered many difficult 
problems, which could be eliminated if 
the job were done by an independent 
company. 


Formation of Disposal Company 


As a result, in December, 1946, In- 
dustrial Wastes, Ine., was formed, and 
in cooperation with Bessemer Lime- 
stone and Cement Company, Bessemer, 
Pa., the plan, together with construc- 
tion drawings, was presented to the 
state authorities for approval. The 
approval was received in February, 
1948, and construction of the neutraliz- 
ing plant was completed in September 
of that year. 

In the design of the plant, considera- 
tion was given to all methods of neu- 
tralization and reclamation then in 
operation, and also to the production 
of by-product materials resulting from 
reclamation of either acid or iron from 
waste pickle liquor. Finally, none of 
these schemes appeared feasible or 
practical and all were eliminated in 
favor of straight neutralization. The 
Mellon Institute, having already com- 


pleted experiments using finely ground- 


limestone together with aeration, had 
met with some success and this was the 
method finally chosen for the construc- 
tion at Bessemer. 


Two-Step Process 


The procedure adopted is a two-step 
process as follows: 
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The plant at Bessemer is of the batch 
type and consists of a large concrete 
brick-lined storage tank for receiving 
waste acids from tank trucks. The acid 
flows by gravity from the storage tank 
to twin mixing tanks, where limestone 
slurry is continually added. When the 
batch has been made up, agitation is 
accomplished by turbo-mixers supple- 
mented by additional air. The twin 
mixing tanks discharge directly into a 
large abandoned quarry, which serves 
as a lagoon. After experimenting for 
some time with this method, a pH suf- 
ficiently high to settle out the iron salts 
could not be obtained and the method 
has been recently changed to include 
finely ground limestone for neutraliz- 
ing free acids, then discharging this 
mixture to a small lagoon where some 
settling takes place. The effluent from 
this lagoon is treated with stack dust, 
which is obtained from normal cement 
plant operations, and allowed to flow 
into a lagoon for final settling of the 
iron salts. By this method a pH as 
high as 12 has been reached. However, 
normal practice is to raise the pH to 
about 9.5 and then to further reduce 
the value by natural aeration before 
actually discharging into the stream. 


Only Holding Tanks Needed 


Industrial concerns subscribing to 
this service need only to provide a col- 
lecting and holding system within their 
own plant. Usually, tanks or reservoirs 
designed to hold four days’ supply of 
waste acid generation are sufficient. 
From these tanks waste acid is pumped 
or drained by gravity into tank trailers 
and hauled to the central plant for 
disposal. The trailer tanks are rubber- 
lined and are of a size to conform with 
the regulations of the highway depart- 
ment. The trailers are dispatched to 
the various concerns with such regu- 
larity that the holding facilities of any 
plant do not remain more than 50 per 
cent full in any 48-hr. period. Even 
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during the winter no plant using this 
service realized any delay in produc- 
tion due to insufficient storage of waste 
pickle liquors. 

It is apparent that this service offers 
small, medium, and even large-sized 
plants a solution to this problem with 
a minimum capital outlay, and usually 
at a cost saving. Where the economic 
point becomes apparent for individual 
treatment plants has not been worked 
ut, but it is reasonable to assume that 
transportation to a central plant will 
offer savings even to some of the very 
large industrial concerns. The service 
has had such good reception in the 
Beaver Valley that plans for a larger 
plant are now being prepared by 
Chester Engineering Company for loca- 
tion in the Pittsburgh area. The pro- 
gram as now instituted has been in 


operation for a sufficient length of time 
to demonstrate the advantages of trans- 
porting to a central neutralizing plant 
and sufficient experience is available 
to know that the costs compare favor- 


ably with any of the very large dis- 
posal method. 
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Summary 


In summarizing, the service offers: 

1. A method of disposing of waste 
pickle liquors with a minimum capital 
charge. 

2. Complete responsibility centralized 
at one point and both supervision and 
control simplified. 

3. Elimination of large areas of land 
adjacent to the point of spent acid 
generation for impounding sludge. 

4. An economical method, not only as 
to capital cost, but also on a cost per 
gallon basis. 

There remains the possibility of de- 
veloping a method of reclaiming acid 
or iron salts, but until these become 
commercially valuable it is believed 
that the best method is to neutralize 
and then dispose of the sludge in 
natural lagoons. Sulfurie acid is the 
principal waste material and the rising 
price, or rather the increasing shortage 
of sulfuric acid, may make some rec- 
lamation process attractive during 
times of short supply, but at this time 
it is believed there is no apparent need 
for reclamation. 


RATES AND RATE STRUCTURES FOR WATER AND 
SEWAGE WORKS 


Joint Committee Report Still Available 


A few reprints of ‘‘Fundamental 
Considerations in Rates and Rate 
Structures for Water and Sewage 
Works’’ are still available from the 
Federation headquarters office. The 
126-page report is a joint effort of com- 
mittees of the American Society of 
Civil Engineers and the Section of 
Municipal Law of the American Bar 
Association, together with representa- 
tives of the American Water Works 


Association, the National Association 
of Railroad and Utilities Commission- 
ers, the Municipal Finance Officers As- 
sociation, the Federation of Sewage 
Works Associations, the American Pub- 
lie Works Association, and the Invest- 
ment Bankers Association of America. 

Reprints of the report are available 
at $1.00 per copy from Federation of 
Sewage and Industrial Wastes Associa- 
tions, 325 Illinois Building, Champaign, 
Illinois. 
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Stream Pollution 


INTERRELATIONSHIP OF AIR POLLUTION AND 
WATER POLLUTION * 
By Lovis C. McCase 


Chief, Fuels and Explosives Division, Bureau of Mines, U. S. Department 
of the Interior, Washington, D. C. 


The problems of air pollution and 
of water pollution are closely related. 
They spring oftentimes from the same 
causes, they affect the same areas, and 
in many cases the wastes discharged to 
the air are the same that corftaminate 
the waters. Sometimes water pollu- 
tion has been eliminated by discharging 
waste products to ‘the air; elsewhere 
the reverse has been true and the solu- 
tion of an air pollution problem has 
provided an equally serious problem of 
water pollution. In the mineral in- 
dustries this interrelationship has pre- 
sented some particularly disturbing 
dilemmas. Industry has been generat- 
ing in ever increasing amounts waste 
products that are equally harmful in 
the air or in the water. 


Increased Wastes 


Just before World War II, the in- 
dustrial economy of the United States 
- was less than half the size it is now. 
America’s mines and mills have come 
to the point where they now turn out 
more than twice as much of the raw 
materials, machinery, and things to 
eat, wear, live in, and ride around in 
as they did only twelve years ago. 
They produce two and one-half times 
as much steel, two and one-half times 
as much machinery, twice as much ce- 


* Presented at 24th Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes As- 
sociations; St. Paul, Minn.; October 8-11, 
1951. 


ment, and three times as much in the 
way of industrial chemicals. For 
every automobile that came off the 
production line in 1939, there were 
more than two in 1950; for every ton 
of coke produced in 1939, there was an 
extra 2/3 of a ton in 1950; for every 
barrel of petroleum refined in 1939, 
there was another 2/3 of a barrel last 
year. Even beer and whiskey were 
flowing at almost twice the prewar rate. 

Such unusual industrial situations 
have led to the almost inescapable con- 
clusion that where waste prevention 
measures can be employed they are the 
best solutions to pollution problems. 
From a standpoint of conservation, the 
recovery of waste products is impor- 
tant, for there are many commodities 
going up the stack or down the drain 
whose total supply in the earth’s crust 
is limited. Some of them are in short 
supply in today’s market. 


Mineral Industries 


The problems of water pollution 
from industrial and domestic sources 
are very pressing in many watersheds. 
Authoritative estimates indicate that 
wastes from industrial processes are 
greater factors in pollution than are 
domestic sewage wastes and that the 
mineral industries are contributing a 
goodly portion of those industrial 
wastes. 

Acid drainage from coal workings 
has been troublesome in the streams 
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that flow through, or near, coal fields. 
As more mines have been abandoned, 
the continuous outpouring of sulfuric 
acid, at the rate of millions of tons per 
year, has become a threat to the 
economy of downstream communities. 
Almost 20 years ago, methods of mine 
sealing were developed under the guid- 
ance of the U. S. Public Health Ser- 
vice, with the participation of the U. 8. 
Bureau of Mines, that are still believed 
to be the only practical way to decrease 
the volume and acidity of coal mine 
water. The results of mine sealing, 
where adopted, have been excellent, 
but many of the seals that were in- 
stalled at the outset were not main- 
tained in good repair and the magni- 
tude of sealing all, or almost all, of the 
old coal mine workings has been beyond 
the available resources. 

It is heartening to note that the 
State of Pennsylvania recently revived 
mine sealing with seals that are re- 
ported to be well-located and durably 
constructed. Already tonnage reduc- 
tions in sulfuric acid runoff have been 
achieved that are most impressive and 
because inter-connecting active mines 
will eventually be sealed, there is basis 
for optimism over the ultimate success 
of the program. Experience has shown 
that a controlled sulfuric acid flow 
can be tolerated by the average water- 
shed with no impairment of the normal 
processes by which the streams purge 
themselves of wastes. 


Silting Problems 


Another water pollution problem 
from the mineral industries is that of 
silting of surface-water channels. In 
some areas disastrous floods have re- 
sulted because of the building up of 
river bottoms by mine wastes. In one 
case, in the anthracite field, a river 
channel was being silted with more 
than 1,000,000 tons of culm per year. 
Restoring this river and introducing 
preventive devices, such as desilting 
basins, cost more than $40,000,000. 
Another approach to this problem in 
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the coal fields is through improved 
methods of coal washing, to recover 
thousands of tons of valuable coal fines, 
with a consequent addition to avail- 
able coal supplies. 

In the Western United States, the 
processing of many ores has resulted in 
severe silting problems. The use of 
dams to retain the debris from hydrau- 
lic mining is an excellent method of 
solving one type of problem, but the 
dams must be constructed to with- 
stand flood conditions. In Idaho, de- 
silting basins have been used to pro- 
tect the Coeur d’Alene watershed. 
The wisdom of adopting preventive 
measures for the disposal of mill waste 
and tailings was abundantly proved 
during the last decade, when accumu- 
lated tailings became the source of 
vitally important metals that were in 
very short supply. 


Oil Field Wastes 


Another trouble spot in the mineral 
industries has been in the prevention 
of water pollution from oil well brines. 
As fields grew older the volume of 
brines became alarmingly large, reach- 
ing an estimated 10,000,000 bbl. per 
day in 1938. As the recovery of petro- 
leum from wells decreased, each barrel 
of petroleum frequently brought with 
it five barrels or more of highly min- 
eralized water, and the effect of the 
brines on surface and underground 
water supplies was severe. Efforts to 
impound this waste and restrict the 
contamination of entire watersheds 
were not generally practicable. Well 
sealing methods, in whose development 
the U. S. Bureau of Mines actively 
participated, reduced the ratio of 
brine to petroleum in the flow from 
producing wells. Later it was shown 
that the brine could be returned under 
pressure to the levels from which it 
had been pumped. Today, millions of 
dollars have been spent on brine dis- 
posal wells. and equipment and sub- 
surface disposal methods have been 
adopted in many oil fields. 
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Industrial Lubricants 


Waste oil from industrial processes 
has been contaminating many of our 
harbors. Fortunately, treatment meth- 
ods have been and are being devised 
that recover valuable oil products and 
eliminate this pollution hazard. For 
example, it has been estimated that as 
much as 165,000 gal. per month of oil 
wastes are being reclaimed at United 
States Navy shipyards. In another 
case, the Bureau of Mines developed 
flotation methods for recovering oil 
from waste water discharged by a 
steel company by which savings of 
more than $200,000 a year in oil values 
will be realized. 


Metal Processing Wastes 


The pollution potential of metal 
processing plants is great. Cleaning, 
pickling, and electroplating processes 
are troublesome. Some of these prob- 
lems respond to simple dilution where 
pollutants are in low concentrations, 
but in other cases chemicals must be 
neutralized or more complex and more 
expensive methods employed. 


Air Pollution Problems 


Air pollution has been receiving 
more and more attention. Smoke, 
cinders, fly ash, chemical dust, fumes, 
and odors, alone or in combination, 
are to be found as wastes discharged 
to the atmosphere. 

Smoke is perhaps the most common 
of these. It arises from the combustion 
of mineral fuels and it has long been 
a corollary of industrial development. 
Only in recent years have a few of the 
smokiest communities been able to make 
advances toward the elimination of 
smoke nuisance. It has long been known 
that prevention is preferable to elimi- 
nation in the case of smoke. This re- 
quires adequate furnaces for utilizing 
the fuels and that the furnaces be 
skillfully operated. 

The cost of air pollution to a city 
is mentioned only briefly. It is known 
that it runs into millions of dollars 
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per year, and that it affects the health 
of the inhabitants. 

Air pollution problems are more 
likely to occur with improperly de- 
signed equipment, but today enough 
information is available to industry 
to keep air pollution at a minimum. 
More important in the long run is the 
growing interest of the scientist in the 
fundamentals of the subject. Before 
World War II there was little interest 
in aerosols, but now hardly a month 
passes without at least a regional con- 
ference on the subject. 

The use of wet collectors to scrub 
gases and dusts from the effluents of 
some of the chemical plants provides 
an excellent example of the interrela- 
tionship of air and water pollution. 
The discharge from such collectors can 
often be disposed of without treatment 
into a stream large enough and suffi- 
ciently pollution free to insure dilu- 
tion; otherwise, the chemical content 
of the discharge water must be neu- 
tralized or its dust content deposited 
in settling tanks or basins. 

Serious difficulties arise from the 
dissemination of chemical and metal- 
lurgical dusts and fumes into the at- 
mosphere. These contaminants may 
be diffused over the area surrounding 
an industrial plant, with harmful effects 
on vegetation, livestock, and people. 
It is known that many of these efflu- 
ents can be controlled by the use of 
precipitators, scrubbers, or cyclones, 
but that such installations may be 
costly. That the health of people 
alone is enough to warrant any ex- 
penditure is often true, but it is not 
easy to establish health hazards. The 
dollar value of damage done by con- 
taminants is equally good cause for 
their elimination, but the amount of 
money which may have to be spent to 
keep such contaminants from being 
discharged into the air may well be 
large. However, there are examples 


of dust and fume recovery that promise 
to extend the life of the country’s min- 
eral resources. 
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Sulfur Recovery 

Stack effluents contain great ton- 
nages of sulfur, a mineral commodity 
that is presently in very short supply. 
The copper, lead, and zine smelters 
offer a potential supply of 1,250,000 
long tons of sulfur per year, of which 
perhaps 900,000 to 1,000,000 tons are 
recoverable by available processes, if 
the economics are right. Steps already 
have been taken in the right direction 
to utilize these waste sulfur-bearing 
gases from smelter discharges by re- 
covering over 200,000 tons per year— 
but recovery measures have not yet 
been extended to the majority of ex- 
isting smelters. Petroleum refining 
and sour natural gas carry a potential 
of 2,000,000 to 3,000,000 long tons, of 
which 300,000 to 500,000 tons could 
be recovered. The burning of petro- 
leum and coal as fuels also emits vast 
quantities of sulfur to the atmosphere, 
probably on the order of 10,000,000 
tons per year. This sulfur can also 
be recovered and the newer processes 
may make it economically feasible. 

Many rare metals are assuming in- 
creasing importance in industry, but the 
use of many of them has been severely 
limited 
Something of a vicious circle exists; 


by small available supplies. 


new uses are not developed because 
there would be no metal to supply such 
uses and at the same time it often does 
not appear to be worthwhile to develop 
methods of increasing supplies where 
uses are not immediately apparent. 
While we rest upon the horns of such 
a dilemma, large amounts of germa- 
nium, gallium, rhenium, selenium, ete., 
are going to waste. Just how much of 
these metals could be recovered from 
flue dust and smelter discharges has 
not been determined. 
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Another important waste in the min- 
eral industries is to be found in 
petroleum. Each year an estimated 
30,000,000 barrels of petroleum prod- 
ucts are lost somewhere between the 
nation’s refineries and the ultimate 
consumer. Gasoline losses, for ex- 
ample, constitute more than 1 gal. for 
every 200 gal. sold to customers. Most 
of these losses are charged to evapora- 
tion, and while elimination of evapora- 
tion losses depends upon dollar magni- 
tude individual eases, recent 
technical developments, such as new 
types of storage tanks, may cut such 
losses appreciably in the future. 


Trained Workers Needed 


Only within the past 10 years has 
air pollution received the scientific 
attention which has been given water 
pollution since the second half of the 
19th century. The growth of cities 
along watercourses brought pollution 
and of necessity the research and engi- 
neering developments which permitted 
the cities’ continued healthy growth. 
Air pollution has not had the same 
technological approach until the past 
10 years and there are not enough 
trained people working in the field, 
particularly at the municipal level, 
where corrective measures are in force. 
Air pollution can borrow from stream 
pollution to advantage in methods of 
research control and in the training 
of workers. 

In the future, the attack on indus- 
trial pollution problems should be two- 
fold, with both air and water pollution 
receiving simultaneous attention to 
insure comprehensive and satisfactory 
elimination of hazardous contaminants. 
Only by doing so ean it be hoped to 
protect the health and property of the 
nation to the greatest possible degree. 
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Biological Pollution 


In discussing the pollution of water 
and atmosphere, concern is net only 
with biological contaminants, but also 
with chemical and physical pollutants. 
Obviously, there is much yet to be 
learned about the behavior of patho- 
gens of all types in the atmosphere, 
and there is a fertile field for study 
of the life cycle of viruses in water. 
Comparatively, however, biological con- 
taminants, except for the nuisance of 
pollens and the possibility of biological 
warfare, appear to be under fairly 
satisfactory control. 


Chemical Pollution 


The form of pollution which is of 
most concern is chemical. The disas- 
ters in the Meuse valley and at Donora, 
Pa., focused public attention on the 
hazards of poisons in the atmosphere. 
Everyone is alert to the possibility 
that contamination of the atmosphere 
by certain metals and by various prod- 
ucts of coal and petroleum may have 
a bearing on the development of can- 
cer. Enough is being learned of the 
influence of trace elements, such as 
minute amounts of phenol or fluorides 
in water, to indicate the great need of 
knowing more about the presence and 
influence of such trace elements in 
water and the atmosphere. The health 
significance of the sodium ion in water 
has not yet been fully assessed, but it 
appears to be important. Chemical 


forms of pollution also are responsible 
for taste and odor nuisances, property 
damage, impairment of plant and ani- 
mal resources, and a great many in- 
dustrial as well as aesthetic losses. 
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Physical Pollution 


As to physical factors in the pollu- 
tion of atmosphere and water, man is 
. practically limited, apart from soil 
conservation measures, to physical con- 
trol, through water systems, waste 
treatment plants, and air conditioning 
plants, of that part of the water and 
the atmosphere which is put directly 
to human use. Except for temperature 
and pressure, the physical factors of 
water are not believed to be significant 
to public health. When the tempera- 
ture of a stream is raised, by indus- 
trial uses or other forces, its biological 
balance is upset and the water may 
acquire foul tastes and odors. Freez- 
ing temperatures may be responsible 
for failures in water systems and for 
special contamination problems. If 
pressures are too low, the water sys- 
tem becomes vulnerable to infiltration 
by sewage and other contaminants. 
Low pressure has frequently been re- 
sponsible for outbreaks of water-borne 
disease. 

The physical factors of the atmos- 
phere—humidity, pressure, tempera- 
ture, and velocity—are clearly impor- 
tant to the transmission of infections. 
(Nevertheless, in the present limited 
state of knowledge, it is not possible 
to operate air conditioning and heat- 
ing plants with scientific regard for 
the relation of these physical forces to 
public health.) There simply hasn’t 
been enough scientific knowledge ac- 
quired about the relations of drafts, 
humidity, or temperature changes to 
the common cold, other respiratory in- 
fections, or other illnesses. 

Another form of pollution that is 
both physical and chemical, one which 
may become the most vexing pollution 
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problem of the next generation, is the 
subtle invasion of water and atmos- 
phere by radioisotopes. 


Standards 


Although standards have been es- 
tablished for drinking water, standards 
for many other forms of water use 
have not been established. And there 
are 
mosphere. 

The determination of standards is 
an important basic issue before public 
health authorities. Standards evolve 
from knowledge; knowledge is a prod- 
uct of research. It is generally con- 
ceded that basic and applied research 
in the environmental health field needs 
to be stimulated; relatively, it has been 
lagging behind research in_ other 
phases of the medical, biological, physi- 
cal, and engineering sciences. 


Research 

The federal government has under- 
taken or sponsored considerable re- 
search for control of pollution. The 
Bureau of Mines investigates sources 
of atmospheric pollution and certain 
important sources of water pollution, 
such as the acid drainage from aban- 
doned coal pits. The Public Health 
Service is concerned not only with the 
sources of pollution, but also with 
their effects upon public health and 
the development of preventive and 
corrective measures. As for private 
industry, the National Technical Task 
Committee on Industrial Wastes, or- 
ganized last year at the invitation of 
the Surgeon General of the Public 
Health Service, is extending its in- 
vestigation into the causes and cures 
of water pollution. Congress has been 
asked to authorize additional funds 
for investigation by the Public Health 
Service of the effects of atmospheric 
pollution. 


New Research Tasks 


Among the new atmospheric prob- 
lems to be explored are those related 


no established standards for at- 
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to the health effects of naturally oc- 
curring ionizing radiations in western 
mines, chromate mists, and various 
coal and oil products. As the popula- 
tion ages, there are additional grounds 
for looking into the long-term cumu- 
lative or additive effects of trace ele- 
ments in water and in atmosphere. 
The disaster at Donora, and the studies 
of Roth and Swenson in Southern 
California, indicate that the older 
members of the population are more 
susceptible to contaminants in the at- 
mosphere than are their hardier jun- 
iors. The studies in Cumberland, Md., 
reported by Heimann and others have 
indicated a direct correlation between 
soot-fall and the common cold. (The 
transmission of such diseases as histo- 
plasmosis and other mycological in- 
fections is a further subject for in- 
vestigation as an atmospheric problem. ) 
The increase in distribution and use 
of radioactive isotopes raises health 
problems of which the public is only 
beginning to be dimly aware. 


Administration 


Another problem facing public 
health authorities is the determination 
of administrative responsibilities. Un- 
til recent years, the question of pollu- 
tion of the atmosphere has been dealt 
with as separate and distinct from 
the question of pollution of water. 
Different public agencies deal with 
these problems and the prospect is 
that the problems will continue to be 
dealt with by separate agencies. And 
yet, in many respects, pollution of both 
water and atmosphere may come from 
the same source. Frequently the cor- 
rection of atmospheric pollution—by 
scrubbing of air, for example—pro- 
duces a new form of water pollution. 
Often, water pollution generates at- 
mospherie odor nuisances. 

Because many forms of pollution 
result from unsatisfactory forms of 
waste treatment and disposal, there is 
some disposition to regard waste dis- 
posal as a single operation. The Pre- 
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liminary Report of the California As- 
sembly Interim Committee on Air and 
Water Pollution—the so-called Dickey 
Committee—stated in January, 1951: 


“The many instances in which conditions 
of water pollution have been corrected by 
removal of waste products from the water 
and their discharge to the air—or con- 
versely, where solution of an air pollution 
problem has created an equally important 
problem of water polluticn—have led to 
the conclusion that the entire problem of 
waste disposal must be regarded as a single 
one.” 


In addition to pollution resulting 
from waste disposal, however, there 
are natural pollutants, such as pollens 
and danders and certain algae and 
fungi. Even though some algae and 
fungi are associated with waste dis- 
posal, these natural pollutants must be 
attacked with a separate strategy. 
Pollution resulting from soil erosion 
must be attacked with still another 
form of strategy. 

However, the increase in chemical 
contamination of the environment, 
which has resulted from technological 
advances and from acceleration of in- 
dustrial production, warrants giving 
primary attention these days to the 
problem of pollution by industrial 
wastes. The industries concerned would 
naturally prefer to deal with one 
rather than with several separate pol- 
lution control agencies, if only to avoid 
duplication and conflict. 

The administration of controls of 
pollution by these wastes for the most 
part resides with city governments. 
The President’s National Water Re- 
sources Policy Commission emphasizes 
the trend toward the development of 
interstate bodies and other regional 
bodies to coordinate the control of 
water pollution by comprehensive pro- 
grams for a complete river basin or 
sub-basin. 

In the opinion of the aforementioned 
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Dickey Committee, the effects of at- 
mospheric pollution also tend to be 
confined to the same drainage basins 
which are governed by comprehensive 
programs of water pollution control. 
It says: 


“Effects of air pollution are confined to 
the same drainage basins which are affected 
by discharge of wastes to waters. The 
natural features which define the watershed 
also constitute barriers which hold the stag- 
nant air within the region during unfavor- 
able weather conditions, but disperse the 
pollution without affecting other areas when 
weather conditions improve.” 


In California, the committee reports 
a development of regional controls of 
atmospheric pollution. It is, of course, 
evident that atmospheric pollutants 
do frequently cross mountain ranges. 
It would seem that the location of the 
source of pollution would be more 
pertinent to administration than the 
location of the effect. 

Under the Water Pollution Control 
Act (P.L. 845), the Public Health 
Service has encouraged interstate 
agencies to deal with regional prob- 
lems. Many federal agencies, mean- 
while, assume special responsibilities 
for pollution control, including the 
Soil Conservation Service, the Fish 
and Wildlife Service, the Corps of 
Engineers, the Bureau of Reclamation, 
and others. 


Correctives 


As research progresses and admini- 
strative skills become sharpened, the 
application of preventive measures by 
local, state and regional agencies may 
begin to achieve effective control of 
the wastes and other nuisances that 
add unnecessarily to the complications 
and stresses of man’s limited span of 
life. It is to be hoped that local and 
regional control will be prompt and 
effective enough to preclude the need 
for further controls by the federal 
government. 
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Dr. MeCabe stated at the end of his 
paper that air pollution can borrow 
from stream pollution to advantage. 
but he did not elaborate on this point. 
In many respects, the specific engi- 
neering methods used in the control of 
air pollution are quite different from 
the methods used in the control of 
water pollution. The techniques used 
in making an atmospheric pollution 
survey are not at all the same as those 
used in a stream survey; and a de- 
signer of cyclones or scrubbers is not 
assisted in this work by knowing how 
to design a chemical or biological treat- 
ment plant for liquid wastes. Never- 
theless, a comparison of the underlying 
philosophies and basic methods of air 
and stream pollution control reveals 
striking similarities. 

Air and water pollution control are 
similar in two basie respects : 


1. The reasons for pollution control 
are similar. 

2. The methods used to 
solutions are similar. 


arrive at 


The reasons most often thought of for 
stream pollution control are public 
health, economies, aesthetic values, and 
public relations or, more simply, being 
a good neighbor. The list of reasons 
for air pollution control would cer- 
tainly contain these same items. Under 
the heading of health, air pollution 
authorities are primarily concerned 
with respiratory ills, whereas the 
stream pollution authorities are con- 
cerned with intestinal diseases; and 
under the economics heading, stream 
pollution may affect fishing whereas 


air pollution may damage _ crops. 
Nevertheless, the fundamental rea- 
sons for control are the same. The 


plant manager who is convinced that 
water pollution control is good policy 
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Wilmington, Del. 


is not difficult to persuade that air 

pollution control is also good policy. 
The basic approach to any pollution 

problem may be outlined as follows: 


1. To define the problem. 

2. To establish criteria for action 
(usually limits or standards). 

3. To devise an engineering solution 
to meet the required standards. 


The problem is defined by means of 
a survey. A survey usually consists 
of a determination of the quality and 
quantity of gaseous or liquid effluents. 
The investigation may be extended to 
include chemical and physical quality 
tests of the diluting stream or the at- 
mosphere in the vicinity of the plant. 
The stream survey may include a bio- 
assay made by a limnologist or biolo- 
gist, and an atmospheric survey may 
include a vegetation survey by a plant 
pathologist. 

When the problem has been defined, 
the required reduction in discharge 
must be decided on. The required re- 
duction may be defined legally or it 
may be dictated by the nature of the 
specific problem. The toxicity to man 
of different elements contained in 
either air or water may be the cri- 
terion, or it may be toxicity of water- 
borne wastes to fish or airborne wastes 
to vegetation. Toxicity studies are 
an important basie need for both air 
and water pollution control. In other 
instances, the required reduction may 
be based entirely on that required to 
abate a nuisance. 

Before going to the next point, a 
word about the legal aspects of pollu- 
tion control. Stream pollution control 
legislation is in a somewhat more ad- 
vanced stage than air pollution con- 
trol legislation. Also, stream pollution 
legislation has been for the most part 
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on the state level, whereas air pollution 
legislation has been primarily local. 
Many authorities believe this is as it 
should be, because air pollution, by 
its very nature, is a more local prob- 
lem than stream pollution. However, 
the present tendency is for increasing 
air pollution legislation at the state 
level, along the same lines as the now 
common state water pollution control 
acts. The recently enacted ‘‘Oregon 
Air Pollution Act’’ establishes an au- 
thority for air pollution control; any- 
one who has read this law will notice 
the many similarities between it and 
state water pollution control acts. 

The third step in the outlined basic 
approach, an engineering solution to 
meet the required standards, has al- 
ready been mentioned briefly. But 
even though the detailed design of air 
and water pollution control facilities 
is quite different, certain ideas are 
held in common by all waste engineers. 
The statement that water and air are 
natural resources that should be used 
but not abused is familiar to workers 
in both fields. Also, the concept of 
pollution control at the source by 
elimination of waste by process changes 
if practicable, rather than by instal- 
lation of expensive collection or treat- 
ment facilities, is another mutually 
held precept. Still another of these 
ideas is that air and water pollution 
control agencies should apply the cri- 
terion of ‘‘reasonableness’’ based on 
the state of the art of air and water 
pollution control in issuing orders, 
rules, and regulations. 

Dr. McCabe noted at the beginning 
of his paper the interrelationship be- 
tween air and water pollution. A 
number of examples of air pollution 
problems being changed into potential 
water pollution problems, and con- 
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versely, may be drawn from pollution 
control experience in the chemical in- 
dustry. Examples of air pollution 
being converted into potential water 
pollution because of the use of liquid 
scrubbers are most often thought of in 
this connection. However, the con- 
verse problem of water pollution be- 
coming air pollution is also frequently 
encountered. Many liquid wastes from 
chemical processes are highly concen- 
trated organics, and the tendency to 
conserve water and reduce waste vol- 
umes to be treated increases the num- 
ber of wastes of this type. When the 
organic content of a liquid waste 
reaches a certain value, it becomes 
economical to use incineration as a 
means of disposal, and a potential air 
pollution problem is created. Be- 
cause of these interrelationships, close 
liaison between engineers dealing with 
air pollution problems and those deal- 
ing with water pollution problems is 
very important. 

This liaison is achieved in the du 
Pont Company by the air, water, and 
waste consultants and engineers all 
being members of the same organiza- 
tional group under the direction of a 
single group supervisor. Thus, engi- 
neers working primarily on liquid 
waste problems, or those working on 
air pollution problems, are always 
aware of what the other waste engi- 
neers are going and the implication of 
these activities on their own work. 

Because of the similarity in ap- 
proach to all pollution problems and 
the frequent interrelationship between 
air and water pollution control, air 
and water pollution control engineers 
are often involved in complementary 
activities, and should, indeed, be able 
to borrow, one from the other, to 
mutual advantage. 
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THE OPERATOR’S CORNER 


ConpvuctTep BY HERBERT P. ORLAND 


SEWAGE WORKS EQUIPMENT EXCHANGE 


Many plants have items of equip- 
ment that are no longer used because 
of process changes, renovations, or the 
like, but which are still much too serv- 
iceable to be simply junked and in- 
cluded in a serap drive. However, the 
problem always arises as to how to dis- 
pose of such equipment without suffer- 
ing a considerable loss on its value. At 
the same time, many plants have a 
need for equipment items that are hard 
to get in this day of priorities and 
delivery delays. 

The obvious service to be performed 
in this situation is to put those who 
‘“‘have’’ in touch with those who 
‘‘want,’’ to the end that exchanges of 
equipment—on the ‘‘swap’’ principle 
—can be made to mutual advantage. 
In most cases, no money would be in- 
volved, simply a book transaction. 
However, an inventory item no longer 
of use to a plant could be put to work 
for someone else and at the same time 
provide the plant with an equivalent 
inventory item of use to it. 

How the equipment exchange idea 
might benefit not one, but two plants, 
is typified by one such transaction that 
has been brought to our attention. 
Plant A had a screenings grinder, 
which was no longer needed because of 
a change in the method of screenings 
disposal. There was, however, need for 
a couple of venturi tubes for closer 
control of plant operation. Plant B 


had the venturi tubes, removed from 
service in plant renovation, but needed 
a screenings grinder. Both plants 
solved their supply problem by an ex- 
change of the equipment without mone- 
tary involvement. 

The example cited is a simple one 
involving only two plants. It is pos- 
sible, of course, that the plant needing 
your particular ‘‘white elephant’’ may 
not have whatever it is you need. But 
if information is at hand on what is 
available in various places, a satisfac- 
tory exchange for all concerned could 
be worked out. 

The idea presents such excellent pos- 
sibilities for service to its readers that 
the ‘‘Corner’’ offers itself as a medium 
of information regarding equipment 
available for exchange. As contem- 
plated, the service would be simply one 
of letting people know who has what 
available, and the approximate value. 
The details for any transaction would 
be worked out by and between the in- 
dividual plants concerned. 

The ‘‘Corner’’ stands ready to help. 
Just send along the information on 
your excess equipment and we'll let 
others know about it through the Jour- 
nal. Who knows; that unused item 
in the control house corner may turn 
out to be the means of securing the 
very much needed piece of equipment 
you've wanted for so long! 


H. P. O. 
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MAN-POWER REQUIREMENTS AND EMPLOYMENT 
CONDITIONS IN INDIANA SEWAGE TREATMENT 
PLANTS 


_ In an effort to determine man-power Sanitary Engineering Division, Indi- 
requirements and employment condi- ana State Board of Health, submitted 
tions for sewage treatment plants, the a questionnaire to sewage works opera- 


TABLE I.—Man-Hour Requirements Reported in 1951 for 
Sewage Treatment Plants in Indiana 


Plant No. Extra Help 
Plant No. | Design Pop. Cap. Employ- Hours Required Plant Units 
(m.g.d.) ees per Week? | (hr. /wk.) 
(a) TrickLinGc Fitter Type 
14 55,000 5.0 7 288 40-80 PS-SD-RSF-SS-SL* 
15 25,000 4.5 6 239 0 PS-SD-NSF-CL-SL* 
9 20,000 3.0 4 216 40 IT-NSF-SS-SB 
16 9,000 1.0 1‘ 40 0 PS-SD-RSF-SS-CL-SL 
3 4,000 0.4 3° 45 0 PS-SD-RSF-SS-SB 
4 3,000 0.3 1 13 0 IT-NSF-SS-SB 
20 2,750 0.3 25 46 0 IT-RSF-SS-SB 
24 ,700 0.3 1 45 0 IT-RSF-SS-SB 
6 2,800 0.28 14 10 0 IT-RSF-SS-SB 
22 1,500 0.14 38 46 0 IT-RSF-SS-SB 
27 7 0.06 25 20 0 IT-RSF-SS-CL-SB 
(b) ActivaTep S.tupGe Type 
10 170,000 407 23 880 0 PS-SD-AS-SS-SB 
8 200,000 24 28 1,158 0 PS-SD-AS-SS-CL-SB 
12 120,000 30.0 438 1,023 40-80 PS-SD-AS-SS-SB 
5 65,000 20.0 21 925 0 PS-SD-BC-SS-VF-SI-SL 
1 41,000 10.0 14 450 0 PS-SD-BC-SS-CL-SL* 
19 38,000 5.7 20 634 0 PS-SD-AS-SS-SB 
18 35,000 4.5 ll 400 40 PS-SD-AS-SS-SL-LD® 
7 12,000 2.2 5 192 80 SP-SD-BC-SS-CL-SB 
13 10,000 1.0 4 230 0 PS-SD-AS-SS-SB 
25 9,000 1.5 6 286 0 PS-SD-AS-SS-SB 
21 8,500 0.85 6 258 0 PS-SD-AS-SS-SL-LD 
2 7,500 0.9 3 109 40 PS-SD-MAS-SS-SB 
26 3,000 0.6 4 192 0 PS-SD-AS-SS-CL-SB 
29 4,000 0.6 (Only in partial operation) PS-SD-AS-SS-CL-SB 
28 1,200 0.15 1 24 0 PS-SD-MAS-SS-SB 
(c) Primary TREATMENT TyPE 
11 14,000 2.0 1 40 20 PS-SD-MF-SB 
23 8,000 0.7 1 14 0 IT-SB 
17 2,000 0.2 | 2 26 0 PS-SD-SB 
' Not necessarily the design capacity of plant. In cases where plant is receiving over the ‘ 


design flow, present flow is recorded. ? Not including non-plant duties. * VF and SI not used. 
‘ Over-all supervision by utilities superintendent not included. * Two part-time employees. 


® Employees have other duties including operation of waterworks. x 
’ Plant receives only about 20 m.g.d. at present. ee | a 
* Approximately one-third on duties not directly connected with plant operation. 2 es 


* VF no longer used. 
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TABLE II.—Summary of Man-Power Requirements 


No. of 
Type of Design Pop. Plant Cap. Man-Hours eeneraee Representative 
Plant (m.g.d.) per Week (based on ants 
40 hr. wk.) 

Primary 2,000 to 0.2 to 2.0 26 to 40 4tol 2 
14,000 

Trickling filter 700 to 0.007 to 0.5 10 to 46 itol 7 
5,000 

20,000 to 3.0 to 5.0 256 to 348 6 to 9 3 
55,000 

Activated 5,000 to 0.6 to 2.2 149 to 270 4to7 5 
sludge 12,000 

35,000 to 4.5 to 10.0 400 to 634 10 to 16 3 
41,000 

65,000 to 20 to 40 925 to 1,158 23 to 29 4 
200,090 


1 Based on 40-hr. week. 


TABLE III.—Percentage of Man-Hour Requirements Necessary for Sludge Disposal 


Sludge Disposal 
Method Hours of Total | Opera- 
Only per Week Time 
450 185 | LD and SL Hauled by trucks 
109 39 | SB Hauled by farmers from pile 
45 20 | SB and LD 6 13 30 20% hauled as liquid 
13 a SB 0.5 4 _ Hauled and loaded by custom- 
ers 
925 428 | VF-SI-SL 92 10 21 — 
10 8 |SB 0 — 0 Given away 
192 — |SB — — — Use outside labor 
1,158 582 | SB-SL 140 12 24 _ 
216 — SB 3 2 3 Given away 
880 440 | SB-SL 40 5 9 Removed from beds by public 
40 SB Removed from beds by public 
1,023 620 | SB 31 3 5 Removed from beds by public 
153 84 | SB 15 10 18 Removed and hauled by plant 
288 192 | SB-SL 2 2 2 -- 
239 -- LD 12 5 — | Trucked by plant personnel 
40 20 | SL 2 2 2 
23 SB Removed from beds by public 
400 165 | SL-LD 27 7 16 Trucked by plant personnel 
634 392 |SB 16 3 4 Removed and hauled by plant 
46 — |SB 0 0 0 Hauled and loaded by farmers 
1} 214 39 | SL-LD 12 6 31 Trucked by plant personnel 
46 — |SB 0 0 0 Hauled and loaded by farmers 
14 -- SB 0 0 0 Hauled and loaded by farmers 
45 — |SB 0 0 0 Hauled and loaded by farmers 
286 152 | SB Use outside labor 
192 108 | SB Use outside labor 
20 9 |SB 1.5 8 17 | Trucked by plant personnel 
24 — |SB 3 3 3 Trucked by plant personnel 


1 See Table I for plant type and size. * Incomplete information. 3 “Very little.” 
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tors in that state in May, 1951. From 
the questionnaire returns, George K. 
Erganian, sanitary engineer, has pre- 
pared summaries of the man-power 
requirements for individual plants 
(Table I) and the major types of plants 
(Table IT). 

In the several summary tables the 
various plant units and processes are 
designated by symbols, as follows: 


IT—Imhoff tank. 
BS—Biochemical. 
LD—Liquid sludge disposal. 


PLANT MAN-POWER REQUIREMENTS 


AS—Diffused air activated sludge. 
PS—Primary settling. 

SB—Sludge beds. 

SD—Separate sludge digestion. 
RSF—Rotary trickling filters. 
MAS—Mechanical activated shidge. 
SI--Sludge incineration. 
SS—Secondary settling. 
SL—Sludge lagoons. 
MF—Maenetite filters. 

NSF—Fixed nozzle trickling filters. 
CL—Chlorination. 

VF—Vacuum filtration. 


TABLE IV.—Time Spent in Various Plant Duties 


Percentage of Time on Various Plant Duties 
Plant No.! Week ; 
(a) Tricking Fivrer PLAnts 
14 288 ll 67 11? il 
15 239 172.3 - 
9 216 222.3 ~- 
16 40 25 50 0 _ 25 _ 
3 45 ll 45 11? 33 
6 10 10 80 0 —_ 10 —-- 
22 46 78* — 7 
27 20 25 45 — 25 
Maximum 25 80 22? —- 33 -- 
Minimum 10 45 7 
Average 16 57 10? -—— 18 _- 
(b) ActivaTED SLUDGE PLANTS 
10 880 32 50 9 4 5 0 
8 1,158 28 50 ll § 2 1 
12 1,023 225 60 9 9 -- 0 
5 925 33 46 5 7 9 0 
1 450 25 41 9 12 11 2 
19 634 18 62 6 2 7 5 
18 400 15 41 10 10 14 10 
13 153 26° 55 19? — — 0 
25 286 9 53 19 2 17 0 
21 214 21 18 26 9 18 s 
2 109 15 36 12 3 34 0 
26 192 9 56 15 9 9 0 
Maximum 33 62 26 12 34 -— 
Minimum 9 18 5 2 5 
Average 20 47 12 7 13 “= 


See Table I for plant size. 

? Includes records. 

* Remainder on maintenance and operation. 
‘Includes both operation and maintenance. 
* Includes plant and grounds maintenance. 
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TABLE V.—Relation between Plant Age 
and Man-Power Requirements for 
Plant Maintenance 


Time Spent 
on Plant 
Maintenance 
(%) 


Date 


Plant 
Built 


Type? 


| 
| 
| 


AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
AS 
MAS 
1F 

AS 


1951 
1950 
1950 
1949 
1945 
1941 
1941 
1941 
1941 
1940 
1940 
1940 
1939 
1937 
1936 
1931 


1 See Table I for size of plant. 
2 See text for key to type of plant. 
3 Includes grounds maintenance. 


As regards sludge handling, the re- 
turns indicate that 20 plants use sludge 
drying beds exclusively, 2 use sludge 
lagoons and sludge beds, 3 use sludge 
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lagoons and liquid disposal, and single 
plants use lagoons exclusively, liquid 
disposal exclusively, liquid disposal and 
sludge beds, and sludge lagoons and in- 
cineration. 

Of the 20 plants using sludge beds 
exclusively, the beds are cleaned by 
plant personnel in 8 instances and by 
dried sludge customers in 9 instances. 
The sludge is hauled by plant per- 
sonnel at 7 plants and by customers at 
10 plants. No information on who 
cleans the beds and hauls the sludge 
was available from 3 plants. 

Other summaries prepared by Mr. 
Erganian include a comparison of man- 
hour requirements for sludge disposal 
with total man-hour requirements for 
plant services (Table IIT), the time 
spent in various plant duties (Table 
IV), the relations between plant age 
and man-power requirements for plant 
maintenance (Table V), the salary 
ranges of various worker categories by 
size of plant (Table VI), and a com- 
parison of the special employee benefits 
offered by the various plants (Table 
VII). 


TABLE VI.—Salary Ranges for Plant Personnel, Full-Time Operations 


20,000 to 


1,000,000 | 70 


No. of Plants 3 


| over $5,000 
$4,000- 5,000 
3,500-— 5,000 


$3,500 
3,000 
2,500 
2,500 
2.500 


Superintendent 

Asst. supt. or chief clerk 
Chief Operator 
Foreman 

Shift operator 

Pump and blower house 
Oiler 

Chemist 

Asst. chemist 
Laboratory technician 
Chief, maintenance 
\sst., maintenance 
Chief mechanic 

Asst. mechan 
Electrician 

Painter 

Ground maintenance 
Laborer 

Janitor 

Secretary 

Clerk stenographer 


3,500 
4,000 
3,500 
5,000 
4,000 
3,000 
5,000 
3,000 
5,000 
3,500 
4,000 
4,000 


3,000 
3,500 
3,000 
4,000 
3,000 
2,000 
4,000 
2,500 
4,000 
3,000 
3,500 
4,000 


3,000 


2 500 


2.500 


3,500 


2,000 
3,000 
3,000 
2,000 
1,500 


2,500 
1,000 
2,500 
2,000 


3,500 
3,500 
3,000 
3,000 


1 Four plants have }-time superintendent, rec 
? Four plants have operators who work }-time 


two plants have operators who work $ and } time, 


‘ceiving $500 to $2,000 reimbursement. 


Population 


10,000 to 


7,500 to | 
20,000 | 


10,000 


700 to 4,000 
00 


2 | 5 
| $3,000-$3,500! 
3.500 1,500- 2,000 
3,000 | 


$3,000-$3 500 
3,000 
2,500 


$5,000 | $2,500 $3,000 
3,500 | 

3,000 | 2,000- 2,500 | 
3,500 | } 
3,500 | 2,000 -2,500 3,000 | 1,000 


2,000 2,000 


4,000 2,500- 3,000 | 
2,500 
2,000 


3,000 
4,000 


2,000 
2,500 


4,000 


3,000 
3,500 
3,500 
2,500 
2,500 


1,500— 2,000 


at plant and draw from $500 to $1,000 per year; 
drawing from $1,000 to $1,500 per vear. 


26 9 
25 9 

13 | 26° 
8 | 28 
io | 32 
| 
18 15 
12 22° 
Or 
l | 25 
3 15 
| | 
ae 6 | 10 
3 1] 
14 
19 | | 18 
| 
q 
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TABLE VII.—Special Benefits for Plant Employees 


Vacations 
Paid Length 
1 No Optional Yes 2 weeks 11 days per year 
2 No No Yes 1 week Paid for normal illness 
3 No No Yes 1 week Paid 
4 No No Yes 2 weeks None 
5 No No Yes 2 weeks? 10 days per year* 
6 No No Yes 1 week Job trade 
7 No No Yes 2 weeks None 
8 No Yes Yes 2 weeks® Salaried, not set; hourly, 24 
days per month, 30 days for 
accidents 
9 No No Yes 2 weeks 2 weeks per year 
10 No No Yes 2 weeks None 
ll No No Yes 2 weeks 80 hr. per year 
12 No No Yes 7-14 days Not official 
13 No No Yes 1 week 1 week 
14 No No Yes 2 weeks Pay continues 
15 No — Yes 2 weeks Pay continues 
16 No No Yes 2 weeks 2 weeks 
17 No No res 2 weeks None 
18 No No Yes 2 weeks 1-21 days* 
19 Yes No Yes 2 weeks 10 days* 
20 No No Yes 1 week 1 week 
21 No No Yes 1 week None 
22 No No No —_ None 
23 No No Yes 2 weeks 1 week 
24 No Yes Yes 1 week Substitute employee 
25 No No Yes 2 weeks 1 week 
26 Yes Yes Yes 2 weeks 
27 Yes Yes Yes 2 weeks 1 week 
28 Yes res Yes 2 weeks 1 day per month 
29 Yes Yes Yes 1 day per mo. | 1 day per month 


1 See Table I for type and size of plant. 


* Salaried personnel; hourly personnel get 1 week vacation, 


3 After 1 year; after 13 years, 3 weeks. 
‘If longer, referred to governing board. 
6 After 2 years; after 1 year, 1 week. 


no sick leave. 


OPERATION GADGETS 


By Txomas Hiaains 


Assistant Operator, Industrial Waste Treatment Plant, Lederie Laboratories Division, 
American Cyanamid Company, Pearl River, N. Y. 


Lederle Laboratories Division of 
American Cyanamid Company is lo- 
eated in Pearl River, N. Y., about 30 
miles north of New York City. The 
wastes of this biological and pharma- 
ceutical plant and their method of 


treatment have been described in Tuts 
JouRNAL, 23, 8, 1017 (Aug., 1951). 
Briefly, pretreatment of the industrial 
wastes by pre-aeration and high-rate 
trickling filters in the company’s own 
industrial waste treatment plant ac- 
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FIGURE 1.—Modified kitchen fork makes handy tool for cleaning distributor openings. 


counts for a B.O.D. reduction of 80 per 
cent prior to discharge to the town 
sewage treatment plant for ultimate 
disposal to a small stream. 

Several gadgets have been developed 
by the writer to aid in operation of the 


industrial treatment plant. Some of 


these are described, with the thought 
that they might prove useful to other 
operators. 

An ordinary kitchen fork can be 
modified by cutting of the two outside 
tines and bending the remaining two 
tines at right angles to form a hook 


FIGURE 2.—Pronged fork gets distributor openings clean with ease. 
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FIGURE 3.—Weir cleaner made from 
dustpan and scrap materials. 


(see Figure 1). This tool has been 
found to work very well in cleaning 
openings on rotary distributors (see 
Figure 2). It can also be used on 
stationary nozzles, in removing pack- 
ing from pumps, and for a number of 
other useful purposes. 


Weir Cleaner 


A common household dustpan can be 
made into a very useful gadget, par- 
ticularly where clarifiers are employed. 
Perforations are made in the base of 
the pan to allow water or effluent to 
drain through. A piece of sheet metal 
approximately 3 in. high and long 
enough to extend about 4 in. in front 
of the pan is attached to the off side 
(see Figure 3) to prevent the objects 
scraped from the clarifier weirs from 
being swept into the effluent trough. 
The pan itself is covered with 4-in. 
wire mesh attached by Y-in. bolts 
through holes drilled in the sides of the 
pan. The unit, completed by attaching 
an old broom handle, has been found 
extremely helpful in cleaning clarifier 
weirs of leaves and other clogging mate- 
rials. When filled, the collector can 
be dumped into a convenient container. 
(Operation of the weir cleaner in the 
manner shown is, however, not recom- 
mended because of the hazard of falling 
into the clarifier tank from the slippery 
weir apron.—Ed.) 

Another helpful hint in good house- 
keeping is the use of automobile-type 
waxes on chlorine machines. A dusting 
once in awhile is all that is required 
after the first application and the sur- 
face resists most rust and corrosion. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


“The best place to look for a helping hand is on the end of your arm.” 


January, 1952 


1951 Annual Report on the Worcester, Mass., Sewage Treatment Plant * 


Operating conditions at the sewage 
treatment plant proceeded normally in 
filter set A, with intermittent operation 
on filter set B, due to extremely dry 


weather flow. Chlorination was aban- 
doned on May 12, 1949. Industry has 
been most cooperative in disposing of 
acid-iron pickle liquors on the old sand 
filters in accordance with rules and 
regulations established in July, 1948. 
B.O.D. removals averaged 80 per cent 
throughout the year. 

A proposed extension 
lines for the disposal of 
sludge was activated by 


of pressure 
Imhoff tank 
award of a 


* For last previous extract see THIS JouR- 
NAL, 22, 7, 947 (July, 1950). 


Item Average 
Rainfall, total (in.). . 32.13 
Connected population (est.)..... 187,000 
Sewage flow (m.g.d.) 21.77 
Grit (cu. ft./m.g.). 4.52 
Cost of removal ($/cu.yd.) . 0.6586 
Screenings (cu. ft./m.g.).. 1.94 
Cost of removal ($/cu. ft.).... 0.18 
Imhoff tank skimmings (cu. ft./ 
Suspended solids (p.p.m.): 
Raw sewage... 205 
Chlorinated sewage* 117 
Imhoff tank effluent. . . 68 
New filter effluent 80 
New secondary tank effl.. . . 29 
Old filter effluent snes 96 
Old secondary tank effi... .. 74 
Final over-all removal (%) 85.1 
B.0.D., 5-day (p.p.m.): 
Raw sewage. . 220 
Imhoff tank effluent. . . 145 
New filter effluent........... 71 
New secondary tank effl...... 47 
Old filter efluent......... 101 
Old secondary tank effl....... 84 
Over-all red., new units (%). 78.8 
Over-all red., old units (%).... 61.2 


* Chlorination discontinued May 12, 1949. 


By Paut C. Hepenstap, Superintendent, Bureau of Sewers 


TABLE I.—Summary of 1949 Operation Data, Worcester, Mass., 
Sewage Treatment Plant 


contract to make possible the use of an 
additional 20 acres of drying area. In- 
stallation of grease removal troughs on 
the Imhoff tanks, together with installa- 
tion of a triplex plunger pump, will 
permit better cleaning of the Imhoff 
tanks and increase their over-all ca- 
pacity. 

During 1949, 7,924.8 m.g. of sewage 
was handled, at a cost of $98,013.96, or 
approximately $12.23 per m.g. The 
decrease of 1,616.83 m.g. from the total 
1948 flow (21.77 m.g.d. as compared 
with 26.09 m.g.d. for 1948) is attributed 
to extended dry weather during the 
year. 

Removal of dried sludge was carried 


on from June 7 to Nov. 26 whenever 


Item Average 

pH: 
Imhoff tank effluent......... 6.8 
Imhoff tank sludge. ......... 6.6 


New filter effluent........... 7.1 


New secondary tank effl...... 7.1 
Old filter effluent............ 7.2 
Old secondary tank effl....... 7.3 
Iron, as Fe (p.p.m.): 
Imhoff tank effluent......... 1.84 
Imhoff tank sludge.......... 1.67 
New filter effluent........... 1.3 
New seondary tank effl....... 1.0 
Old filter effluent............ 1.8 
Old secondary tank effl....... 1.6 
Imhoff tank sludge: 
Solids 9.43 
Nitrogen, as N (p.p.m.)...... 2.75 
Operating costs($): 
0.524 
Fer 12.23 
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weather permitted. The entire operation 
was performed by private machine 
(overhead loader dumping to trucks). 
Twelve l-acre beds were cleaned. 
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Sludge removal for 1949 cost $0.735 per 
cubic yard. 

Table I is a summary of the 1949 
operation data. 


1949 Annual Report of Greece, N. Y., Sewage Treatment Plant 


By Francis J. CraMER, Superintendent 


Plant Description 


Operation of the plant began in 1938, 
with the plant designed to serve 10,000 
population at 1-m.g.d. flow. The plant 
is now serving 13,750, about one-half 
the town’s population, and is rapidly 
approaching the design load. Plans 
are under way to increase the design 
capacity. 

Sewage flows to and through the 
plant by gravity. Only domestic sew- 
age is treated. The flow is measured 
by an orifice plate and automatic re- 
cording meter in the 30-in. influent line. 

Originally the plant consisted of two 
grit chambers, a 25-in. comminutor, two 
primary tanks with sludge collectors, 
eight aeration tanks with downdraft 
mechanical aerators, two cireular final 
settling tanks with sludge collectors and 


magnetite filters, a chlorine contact 
tank, and two chlorinators used for 
post-chlorination with a split feed ar- 
rangement for pre-chlorination if de- 
sired. In 1942 the magnetite filters 
were eliminated; in 1947 a 15-in. com- 
minutor was added to reduce ope ation 
costs for normal flow and provide an 
alternate unit. 

Sludge equipment consists of two 
7,800-gal. hopper bottom storage tanks, 
two 100-sq. ft. vacuum filters, one 15- 
ton per day 6-hearth incinerator, and 
an ash removal hopper. 


Incinerator Repairs 


Considerable trouble was experienced 
with the incinerator during the year. 
In May, one hearth dropped; there was 
a delay of almost two months in getting 


TABLE IIl.—Summary of 1950 Operating Data, Greece, N. Y., 


Sewage Treatment Plant 
Item Average ' Item Average 

Estimated population served..... 13,750 Return sludge ratio (%)....... 3.3 

Sewage flow (m.g.d.)............ 0.755 Aeration period (hr.).......... 13.3 

Gat TR P 8.28 Susp. sol., return sludge (p.p.m.) —_‘1,703 

Sludge (cu. ft./m.g.)......... Ee 584 Sludge index, Mohlman....... 107 

Scum (cu. ft./m.g.)......... '¥. 2.25 Chlorine: 

Settleable solids: Used (Ib./m.g.)...........005. 42 
Influent (ml./l.).......... 5.9 Residual (p.p.m.)............. 0.61 
Primary effluent (ml./l.)....... 4.6 Vac. filter and incin. oper.: 

Suspended solids (p.p.m.): Lime (%).. eaanee-kin 12 
Raw sewage. . 231 Ferric chloride (%).. 6.5 
Primary effluent... 189 Time (hr./mo.).. 220 
Final effluent........... oe 42 Wet cake (Ib./mo.).. yar .... 284,613 

Cake solids (%)........... 26 

Cake solids, vol. (%)....... 64.6 

Raw sewage........... - 257 Equiv. dry solids: 

Primary effluent... .. 208 

Final effluent 42 Lb. per m00......... .. 73,834 

Primary sludge: Lb. per sq. ft. per hr... .... 3.43 
Dry solids (%)...... wee 5.3 Ash (tons/m.g.)............ 0.35 

Activated sludge: 44,534.64 


Susp. sol., mixed liquor (p.p.m.) 744 
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the necessary brick for the repair. 
Then the center column sheared at the 
bell joint, tying the furnace up for 


another two months. After about two 
month’s operation the center column 
again separated, with a loss of three 
week’s operation. The repair was 
finally effected by having a large collar 
made and bolted around the shaft. 


This expedient has proven satisfactory. 
Plans are being considered, however, 
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for replacing the incinerator with two 
50-ft. digesters. 


General 


Greasing the comminutors and re- 
moving the debris from the channels re- 
quires about 10 min. per day. About 
every two months the teeth are checked 
closely and any dull ones are replaced. 

Operating data for 1949 are sum- 
marized in Table IT. 


1950 Annual Report of Muskegon Heights, Mich., Sewage Treatment Plant * 


By C. F. Harrison, Superintendent 


One aeration tank gear unit required 
repair, and several welding repairs 
were required on drive sprockets and 

* For last previous extract see THIs JourR- 
NAL, 15, 4, 742 (July, 1943). 


chains in the units. The aerator plates 
are in poor condition and should be re- 
placed, most of the plates having been 
in use since 1932. An average of 0.39 
en. ft. of air was used per gallon of sew- 


TABLE III.—Summary of 1950 Operation Data, Muskegon Heights, Mich., 
Sewage Treatment Plant 


Item Average 

Estimated population served... 20,000 
Rainfall (in.)..... 33.96 
Sewage flow (m.g.d.) ‘ 1.75 
Screenings (cu. ft./m.g.)..... 1.1 
Grit (cu. ft./m.g.).... 1.8 

Organic content (%).. 54 
B.O.D., 5-day (p.p.m.): 

Raw sewage..... 247 

Primary effluent... . 182 

Act. sludge effluent. . 28.1 

Rock filter effluent. . 25.3 


Sand filter effluent. . 8.8 


Final effluent....... 23.7 
Removal (%) 90.5 
Suspended solids (p.p.m.): 
Raw sewage 238 
Primary effluent. . 157 
Act. sludge effluent. 51 
tock filter effluent 63 
Sand filter effluent ; 8 
Final effluent. . 40 
Removal (%) 83.3 
Settleable solids (p.p.m.): 
Raw sewage... 4.9 
Raw and excess sludge...... 25 
Primary effluent.... 1.5 
Sec. tank effluent......... 0.8 
Dissolved oxygen (p.p.m.): 
Rock filter effluent....... 3.1 
Sand filter effluent............. 4.2 
Upstream. 10.5 


Downstream. . 8.0 


Item Average 
Raw sludge data: 
Total (gal./m.g.)........ 5,860 
Solids (%)....... 3.07 
Volatile solids (%).... 79.4 
Digested sludge: 
Total (gal./mo.)............ 2,684 
4.56 
Volatile solids (%)......... 58.9 
Gas production: 
Dig. temperature (°F.)... ; 83.4 
Dig. No. 1 (cu. ft./day)..... 9,796 
Dig. No. 2 (cu. ft./day)......... 12,938 
Waste burner (cu. ft./day)....... 11,638 
Total (cu. ft./lb. vol. sol. added). . 10.88 
Total (cu. ft./Ib. vol. sol. dig.).... 14.67 
Activated sludge: 
Aeration period (hr.)... . 4.7 
Sludge return (%)....... ; 26 
Wasted sludge (g.p.d.).... 34,000 
Effluent to stream (%).. 62.9 
Effluent to filters (%). 37.1 


Sludge index..... 78 


Air use (cu. ft. /eal.). iets 0.39 
Operation costs ($/m.g.): 

Treatment plant... . 38.32 

Overhead... . 14.78 

Total. . 87.04 
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age treated. No sewage was by-passed 
around the aeration units during the 
year. The aeration period was 4.7 hr. 
Activated sludge returned to the aera- 
tion tanks amounted to about 26 per 
cent, with about 34,000 g.p.d. of excess 
sludge wasted to the primary tanks. 
Reduction in suspended solids and 
B.0O.D. by the aeration unit averaged 
67.5 and 84.6 per cent, respectively. 
About 62.9 per cent of the flow from 
the aeration unit was discharged di- 
rectly to the stream, the remaining 37.1 
per cent being treated on rock and 
sand filters. 

New flight chains, sprockets, and 
shafts were installed in the final tanks. 
The flight chains were replaced pre- 
viously in 1938. The sprockets and 
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shafts that were replaced were part of 
the original equipment installed in 
1931. The sprockets had been reversed 
in 1942. 

A total of 845 cu. yd. of dried sludge 
was removed from the 4 acres of drying 
beds, with most of it being hauled to 
the cemetery and stockpiled for their 
future use. 

The operating force consisted of an 
operator and three assistant operators. 
The operating period was between 8 
A.M. and 8 p.m., except for two months 
when the operation period was from 
8 a.m. to 5 p.m. because of a shortage 
of operators. During the night, opera- 
tion is automatic. 

A summary of operating data for 
1950 is given in Table ITI. 
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By Joun R. SzyMANSKI 


Superintendent, Sewage Treatment Plant, New Britain, Conn. 


Atomie energy and electronics are 
rapidly pushing forward into our daily 
life, and advances are being made so 
rapidly that one generation cannot 
fully visualize how its predecessors 
could have managed without present- 
day improvements and conveniences. 

The sewage field also has kept pace 
and the old has given way to the new. 
Today it is rare to see a modern sewage 
treatment plant which is not highly 
mechanized. Mechanical equipment 
has been greatly developed in the field 
of sewage treatment and is doing a 
remarkable job. 

No attempt is made herein to delve 
into that specific bearing that is con- 
tinuously burning out, or the fancy 
packing that forever is falling apart, 
or the bushing that forever is wearing 
away. The only point stressed is the 
procedure to use to avoid any of the 
above-mentioned difficulties. No mat- 
ter how well a piece of equipment is 
designed, if it is not properly main- 


tained, its efficiency will be impaired 
to a nuisance point. 

The first step a person responsible 
for the maintenance of mechanical 
equipment should take would be to 
list each piece of equipment alphabet- 
ically. ; Under each item the design 
data and specifications should be_in- 
cluded. 

After this has been done and the in- 
formation set up in a file, all of the 
available prints and sketches should be 
filed in their proper places. Remember, 
the firm that manufactured the piece of 
equipment being used has expended 
many man-hours and_ considerable 
money trying to perfect it so that it 
would give little or no trouble while in 
use. Consequently, there is no excuse 
for not having all the aforementioned 
information at one’s disposal. 

Having set up this equipment file, 
the next step is to set up a daily report 
sheet which will tell, from day to day, 
how many hours the equipment has 
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been in operation, how it has _per- 
formed, and what was done to it in the 
line of maintenance. This information 
should then be transferred to the 
master file. 

With this system established, the 
maintenance problem becomes more or 
less a routine. 

A brief commentary on a few high- 
lights essential to the proper main- 
tenance of any mechanical equipment 
is in order. 

Cleanliness 


It is vitally important that each 
piece of equipment be kept clean at all 
times. Outside of giving a neat ap- 
pearance to the surroundings, it makes 
for easier, more pleasant, and more con- 
venient routine maintenance, as well 
as accessibility for major repairs. In 
line with cleanliness, a systematic 
scheme of painting is always involved. 

In the matter of painting of equip- 
ment, paint alone will not suffice. It 
is imperative to use the proper paint 
and to use it as specified. The existing 
conditions must be studied and then 
the type of paint used that applies to 
these conditions. There are numerous 
manufacturing concerns which will 
gladly assist in solving the particular 
problem, be it one of protection, cor- 
rosion, or beauty. 

A bit of advice to the man who has 
too many similar paints recommended : 
get a few pieces of angle iron, paint 
them with samples of the paints in 
question, and then expose them in the 
area where the problem exists. This 
will provide a chance to study the 
quality and durability of the sample 
paints, thus enabling the making of a 
eood decision. 

Parts 

Whenever parts are to be replaced be 
sure to use identical or equivalent 
parts. At all times an attempt should 
be made to follow manufacturers’ 
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specifications. A periodic check and 
referral to the equipment file will help 
greatly. An individual should ac- 
quaint himself with his equipment— 
that is, live with it for a period of time 
so as to know where to look for oe- 
curring troubles. Brady’s ‘‘ Materials 
Handbook’’ is a valuable asset to have 
on hand for information of this kind. 


Lubrication 

Proper and timely oiling and greas- 
ing of running equipment will save a 
good many anxious moments. Over- 
greasing and over-oiling is, many times, 
just as harmful as no greasing or oil- 
ing. Be sure the proper lubricant is 
being used for the equipment. The 
prominent oil companies will gladly 
assist in selecting the right oil or 
grease for any specific piece of equip- 
ment. Experts in this line are usually 
made available without obligation. 


Summary 


In this brief commentary on general 
equipment maintenance, no attempt has 
been made to give a cure-all for the 
numerous mechanical difficulties, but 
merely to give a few points, learned 
from experience, that have proved a 
big help in the maintenance problems 
at the New Britain sewage treatment 
plant, which is highly mechanized. 

In summary, there are a few rules 
which have been useful in keeping a 
mechanical plant in operation, as fol- 
lows: 


1. Know the equipment. 

2. Do not delay repairs. 

3. Keep a reasonable supply of spare 
parts available. 

4. Keep the equipment clean. 

5. Anticipate trouble; do not wait 
for it to happen. 

6. Keep exposed running equipment 
guarded well. 
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Sewer Queen 


Taking a note from the ‘‘Queen”’ 
parade of recent years, one sewer 
cleaner company (name not given in 
the wire dispatch recently picked up 
by various newspapers across the coun- 
try) has glamorized the work of users 
of its products by selection of ‘‘ Miss 
Sewer Cleaner of 1952.’’ The title, 
seemingly one that most comely young 
ladies would avoid like poison, was ac- 
cepted thankfully by Miss Gaylia Davis, 
of Detroit, Mich. 

According to one version, Miss Davis 
is quoted as saying: ‘‘It may be a 
soggy title, but if it helps my career, 
I don’t care.’’ It seems that she has 
theatrical ambitions, and the promise 
of wide publicity was attractive. 

The new ‘‘Queen”’ also is attractive, 
particularly in her bathing suit pic- 
tures, which display to good advantage 
curvaceous specifications hitherto unas- 
sociated with sewer work (34-in. bust, 
23-in. waist, and 35-in. hips). And 
she’s wearing boots. What else would 
a sewer queen wear? 


Chemically Resistant 
Aluminum Paint 


Protection of metal and masonry 
surfaces from corrosion and deteriora- 
tion for long periods is claimed by the 
manufacturers of an aluminum paint 
now appearing on the market. Com- 
prised of aluminum powder in a clear, 
quick-drying resin vehicle, the product 
comes ready-mixed and is self-priming. 
Protection of the aluminum particles 
by the chemical-proof vehicle is also 
claimed to prevent discoloration of the 
metallic aluminum and reduce the ne- 
cessity of repainting for appearance. 
The product, Prufecoat Aluminum, is 
manufactured by Prufcoat Laborator- 
ies, Inc., 50 East 42nd St., New York 


Two-Way Communication 
Equipment 


Portable two-way radio-telephone 
equipment, either installed in emer- 
gency and maintenance vehicles or of 
the ‘‘walkie-talkie’’ type, can save 
much valuable time and travel mileage 
by making possible direct communica- 
tion with working parties. Several 
reliable companies have such equip- 
ment on the market at reasonable 
prices. One such vehicle unit recently 
noted has loudspeaker or telephone 
handset equipment, is equipped for 40- 
hr. battery operation, and weighs be- 
tween 21 and 23 lb., depending on the 
internal arrangement of the unit. A 
companion hand model weighs but 10 
to 16 lb. 

Among the accessories noted in re- 
cent literature are auxiliary power sup- 
ply packs for conserving the set bat- 
teries by using either a normal house 
source or a vehicle battery as a power 
source. 

It may pay to investigate possible 
time and labor-saving elements in this 
type of equipment for your own or- 
ganization. 


Rag Problem Solved 


A large volume of rags, towels, band- 
ages, and cotton from a tributary tuber- 
culosis hospital has always been a pri- 
mary factor in maintenance problems 
at the Joppa Road sewage pumping 
station of the Baltimore County (Md.) 
Metropolitan District. With a capacity 
of 0.5 m.g.d., the station also handles 
a variety of difficult waste products 
from five industrial waste plants, al- 
though most of the broad area served is 
residential. 

Two improved-type ‘‘non-clog’’ trash 
pumps were installed in 1941, but 
failed to meet the challenge. Although 
the station was designed as an auto- 
matic unit, visits were required twice 
daily to service pumps clogged with 
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rags, towels, and other fibrous waste. 
New bladeless horizontal pumps di- 
rect-connected to the existing motors 
were installed in January, 1950. De- 
spite an increase in sewage quantity 
and a continuation of the clogging 
wastes, the pumps have been in service 
nearly 14,000 hr. without clogging. As 
compared with station experience with 
the old pumps, this has meant the 
elimination of more than 1,000 service 
ealls. Also, the station has been re- 
turned to completely automatic service, 
the only servicing required being lubri- 
cation every four or five months. 


Return Engagement 

Waste oil discharges, like chickens, 
often come home to roost, as pointed 
out at the 1951 meeting of the Ohio 
Sewage and Industrial Wastes Treat- 
ment Conference by John S. Hess, su- 
perintendent of the Fremont, Ohio, 
sewage treatment plant. In presenting 
a paper on experiences in treating in- 
dustrial sewage, Mr. Hess told of an 
incident wherein the president of a 
local manufacturing concern registered 
a complaint with the city for dumping 
oil in the river that flows by his beauti- 
ful estate. Oil was found on the docks, 
the river banks, and the marsh reeds 
all the way to the mouth of the river. 
It even brought an investigation by 
deputies of the State Fire Marshall. 

The source of the oil? Discharges to 
the municipal sewer system by the com- 
plainant’s own factory! 


Motor Care Pamphlet 


A 4-page pamphlet on ‘‘Motor Care 
and Maintenance Techniques,’’ recently 
issued by the Office of Small Business, 
National Production Authority, is avail- 
able at a cost of $0.05 from the Print- 
ing Services, U. S. Department of Com- 
merce, Washington 25, D. C., or from 
any Department of Commerce field 
office. 

The pamphlet, one of a series of 
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defense production aids, stresses the 
important factors and benefits of good 
care and maintenance of motors. In 
calling attention to the conditions re- 
sponsible for the largest number of 
motor troubles it suggests watching for 
overheating, vibration, damage to com- 
mutator, dust and dirt in the windings 
and rotor, lack of lubrication, faulty 
bearings, and damage to cables and con- 
nections. Also suggested is a systematic 
program of inspection, lubrication, and 
cleaning to prolong the life of motors. 


Jottings from the St. Paul Meeting 
The exceptionally hospitakle people 
of the Twin Cities, who went out of 
their way to see that all enjoyed the 
meeting. the policeman who re- 
marked that the ‘‘Sanitary District is 
the best thing that ever happened to 
us’’.... the hotel that boasted in 
every bathroom about its water (from 
a private artesian well), pointing out 
that ‘‘physicians and chemists have 
pronounced it 99% pure’’ (does that 
mean it’s 10,000 p.p.m. impure?). 
.. . the local reporter’s reaction that 
the manufacturers’ exhibit appeared 
‘‘something like a combination of a 
chemical engineering laboratory and an 
advertising man’s convention display”’ 
, . smorgasbord in the St. Paul style 
at the Central States meeting .... 
roast beef as was roast beef at the 
Federation Dinner . . . . World Series 
scores, inning by inning, during the 
afternoon sessions . . . . local commit- 
tees that anticipated every need .... 
an inspection trip really worth taking 
including a sewage plant treat- 

ing an influent with better than 2,000 
p.p.m. of B.O.D. and almost thick 
enough with solids to walk on.... 
the ‘‘Big Bertha’’ sludge handling 
facilities at the South St. Paul plant 
.... the River Room, the Covered 
Wagon, Tugboat Annie’s, Rene’s, and 
many other good dinner spots.... 
the orderly confusion of St. Paul traf- 
fic . . . the top-flight entertainment on 
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Monday night, winding up with the 
dead-pan ‘‘Gay 90’s’’ barbershoppers, 
who one enthusiastic member of the 
audience aptly labeled ‘‘The Four 
Cadavers’’! 


Alum for Fly Control 
in Drying Sludge 

A very interesting article on a gen- 
eral cleanup and sanitation program 
earried out in Corpus Christi, Tex., 
was recently published by E. C. Nelson, 
sanitation consultant (Texas Health 
Bulletin, 4, 9, 9; Oct., 1951). Of 
particular interest to sewage works 
operators was an account of how alum 
was used to inhibit household fly breed- 
ing in the sludge drying beds of an 
overloaded sewage treatment plant. 
The simple and comparatively cheap 
method was described as follows: 

‘Some 8,000,000 gallons of sewage 
is daily received by the Broadway 
plant, the largest of the city-operated 
plants, located within five or six min- 
utes’ walking distance from downtown 
Corpus Christi. Grossly overloaded, it 
was here that the highest fly counts 
were recorded. <A 5 per cent solution 
of chlordane and kerosene was applied 
to sludge deposits as an adult fly con- 
trol measure, but it was like trying to 
put out a bonfire with a squirt gun. 
After several attempts with various 
other chemicals, it was suggested that 
alum be applied, but at that mo- 
ment, the spectacular results which oc- 
curred later were not even remotely 
anticipated. 

‘‘Two hundred pounds of alum were 
dissolved in 50 gal. of water. This was 
accomplished by putting the alum in a 
55-gal. drum, adding a small amount of 
water and stirring vigorously before 
adding the remaining water. The 
drum was then carried to the sludge 
trough and the alum mixture permitted 
to mix with the wet sludge as it flowed 
into the drying beds. 
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“It was applied at the rate of 1 Ib. 
of alum to approximately 100 gal. of 
sludge, or, roughly, 2 lb. to 1 eu. yd. 
of sludge. The results were spectacu- 
lar. 

“‘The sludge depth in the drying 
beds dropped from 81% in. to 4 in. in 
the first 24 hr., and the sludge surface 
developed a fairly dry crust. It was 
interesting to note that the adjoining 
beds dropped less than 1 in. after stand- 
ing five days. Thus, alum cut the 
sludge drying period approximately in 
half and resulted in additional sludge 
drying capacity for the overloaded 
sewage plant. 

“It permitted more rapid removal of 
the fly breeding media and, since it 
dried quite rapidly, it was less attrac- 
tive to flies. Economically it was quite 
a saving also, since alum is cheap, 
thereby reducing the chemical and 
labor costs in an effort to keep flies 
under satisfactory control.’’ 


Atomic Age Problem 


So far-reaching is the influence of 
the atomic bomb that it even invades 
the scum accumulation in digesters at 
the Los Alamos, N. Mex., sewage treat- 
ment plant. The connection between 
the scum problem and atomic bomb de- 
velopment activities was not apparent, 
however, until the subject was brought 
up in an operators’ discussion at the 
1951 Annual Meeting of the Rocky 
Mountain Sewage Works Association. 

The answer? Simple. But let the 
story be told in the words of the well- 
known ‘‘Voice from the Rear of the 
Room,’’ who said: 

““Why wouldn’t they have digester 
scum problems? Anybody would if 
they had that collection of long-haired 
scientists !’’ 


Is your scrap napping instead of 
scrapping? 
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Federation Affairs 


TWENTY-FOURTH ANNUAL MEETING REPORT 


The 24th Annual Meeting of the Federa- 
tion, held at St. Paul, Minn., October 8-11, 
1951, will be long remembered by those at- 
tending as one of the best of Federation 
meetings. Although this was the first Fed- 
eration meeting convened under the difficult 
conditions of having functions scheduled at 
two hotels and a municipal auditorium some 
three blocks distant, the various activities 
proceeded with amazing a 
result of the careful and efficient prepara- 
tion by the various local committees. Par- 
ticularly apparent was the spirit of friendli- 
ness and hospitality with which those at- 
tending the meeting were received by the 
host city. 

Great credit for the success of the meet- 
ing is due the host Central States Sewage 
and Industrial Wastes Association, the Con- 
vention Management Committee, and the 
local Arrangements Committee, headed by 
K. L. Mick. The precision and smoothness 
with which the several convention events 
were presented were the result of the dili- 
gent and painstaking attention to detail 
by the various local committees comprising 
the last group. 

Registration at the St. Paul meeting 
totalled 718, of which 576 were men, 124 
were ladies, and 18 were students. These 
totals are considered eminently satisfactory 
when it is considered that this meeting was 
the farthest west with the exception of the 
San Francisco meeting in 1947. Geographi- 
cally, every section of the United States 
and Canada was represented, with one 
visitor from Haifa, Israel. 

Particularly gratifying was the large per 
centage of industrial waste treatment per- 
sonnel, indicating the growing awareness 
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of this group to the increasing attention be 
ing accorded them by the Federation. 

The 24th Annual Meeting was convened 
at 10:30 a.m. on Monday, October 8, 1951, 
by President Ralph E. Fuhrman, and the 
Hon. Edward K. Delaney, mayor of St. 
aul, extended a cordial weleome to mem- 
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bers and guests. President Fuhrman then 
commented briefly on the 1950 activities of 
the Federation. The presentation of the 
Executive Secretary-Editor’s report by W. 
H. Wisely concluded the business portion of 
the opening session. 


Technical Program 

The technical program, developed by the 
Program Committee under the chairman- 
ship of F. W. Gilereas, was of the usual 
high quality and diversity of subject matter. 
The papers presented, in addition to several 
of broad interest to all Federation members, 
included many on specifie pollution, waste 
treatment, and operational problems. The 
Industrial Wastes Forum, developed around 
topies of interest to industrial representa- 
tives and now in its fourth year, was ex- 
tremely well attended and particularly well 
received by that group. As always, the 
Operators’ Forum also drew considerable 
interest. The spirited discussions from the 
floor in both forums were indicative of the 
great interest aroused by the topics chosen. 

The technical program presented at St. 
Paul was as announced in the “Twenty- 
Fourth Annual Meeting Preview” (THs 
JOURNAL, 23, 9, 1204-07; Sept., 1951), ex- 
cept that the discussion on “Procurement of 
Materials—Today’s Problems” was given by 
Gerald D. Arnold, newly appointed director 
of the Water Resources Division, NPA, and 
the “Industrial Wastes Forum” was con- 
ducted by Rolf Eliassen, who acted for 
Clair N. Sawyer due to the latter’s illness. 

Technieal program papers are to be pub- 
lished in 1952 issues of the Journal. It 
should be noted, however, that the paper on 
“Determination of Fair Sewage Service 
Charges for Industrial Wastes,” by G. J. 
Schroepfer, appeared in the December, 
1951, issue of THis JOURNAL. 


Entertainment Events 


The social program opened on Monday 
evening, October 8, with a “Family Night 
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Entertainment” in the form of an excep- 
tional variety show by professional talent. 
Following a 30-minute concert by a 10- 
piece band, the “Choralairs,” a group of 60 
singers, presented a well-received program 
of mixed selections. An acrobatic aet fea- 
turing a four-year-old boy and a seven-year- 
old girl, was followed by an accordion 
novelty review of the first half of the 
century and an impersonator lampooning 
stage, radio, screen, and political personali- 
ties. The highlight of the evening was a 
“Gay 90’s” barbershop quartet, which 
through its excellent singing and dead-pan 
pantomime “stole the show.” 

The Federation luncheon, held in the 
Hotel Lowry Ballroom on Tuesday noon, 
was attended by about 280 persons. Presi- 
dent Fuhrman presided and presented the 
featured speaker, L. A. Danse, supervisor, 
Materials and Processes Division, Produe- 
tion Engineering Seetion, General Motors 
Corp., and industry representative on the 
Federal Water Pollution Control Advisory 
Board. Speaking on “Industry’s Invest- 
ment in Pollution Control,” Mr. Danse 
stressed the magnitude of industry’s efforts 
toward pollution abatement and industrial 
interest in water conservation measures. 
Also heard at the luncheon was Dr. A. E. 
Berry, president, AWWA, and to date the 
only man to have been president of both 
major sanitary engineering organizations. 
Dr. Berry spoke briefly on the fine co- 
operative relation existing between the two 
organizations and the continuing effort on 
the part of both groups to intensify joint 
interests and services. 

The Annual Federation Dinner, held in 
the Continental Room of the St. Paul Hotel 
on Wednesday evening, October 10, pro- 
vided a fitting climax to the social program. 
At the Dinner, which was attended by about 
470 members and guests, President Fuhr- 
man presented the annual Federation 
awards. Dancing followed, in the Casino, 
to round out a most enjoyable evening. 


Ladies’ Entertainment 


The social events and other entertainment 
features planned by the local Ladies’ En- 
tertainment Committee, under the co-chair- 
manship of Mrs. G. J. Schroepfer and Mrs. 
K. L. Mick, proved immensely enjoyable to 
the large group of ladies attending the 
meeting. Particularly appreciated was the 
gracious spirit of friendliness and hos- 
pitality with which the visiting ladies were 
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received by committee members, and the air 
of hospitality accorded by the entire Twin 
Cities throughout the meeting. 

The Monday afternoon “get-acquainted” 
tea party, generously and graciously fi- 
nanced and sponsored by the host Central 
States Sewage and Industrial Wastes As- 
sociation, provided an excellent opportunity 
for all the ladies to meet and get aequainted. 
On Tuesday, the motor tour of St. Paul, 
Minneapolis, and the historie environs of 
the Twin Cities took the group to the State 
Capitol, Como Park, the State Fair 
Grounds, the University of Minnesota, St. 
Anthony’s Falls, the Milling District in 
Minneapolis, Lake of the Isles, Lake Cal- 
houn, Lake Harriet, Lake Nokomis, Fort 
Snelling, and the Sibley House, home of 
Minnesota’s first governor. A stop was 
made at the historic Sibley Tea House for 
lunch and a visit to the historical museum 
on the Tea House grounds. 

A visit to the famous Betty Crocker test- 
ing kitchen of the General Mills Corpora- 
tion on Wednesday morning was followed 
by a Dutch treat luncheon in the Sky Room 
of Dayton’s Department Store in down- 
town Minneapolis. After lunch a_ style 
show was enjoyed; then guided tours of 
the store were provided for those who 
wished. The day’s activities came to a fit- 
ting climax with return to the convention 
hotels for the Federation Dinner and 
Dance. 


Men’s Inspection Trip 


The men’s inspection trip on Wednesday 
afternoon proved a highlight attraction for 
those attending. Visits were made to the 
well planned, operated, and maintained 
Minneapolis-St. Paul Sanitary District sew- 
age treatment plant and to the equally in- 
teresting South St. Paul sewage treatment 
plant. The former had much to offer 
visitors in the way of primary treatment 
operation practice and sludge incineration 
procedures; the latter offered an interesting 
treatment problem capably handled, as the 
plant influent is about 90 per cent packing 
house waste and 10 per cent domestie sew- 
age. Of particular interest to the visiting 
group were the backwashed trickling filters 
and the pneumatic sludge ejector arrange- 
ment of the South St. Paul plant. 


Manufacturers’ Exhibit 
As in previous years, considerable atten- 
tion was accorded the interesting and in- 
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formative display of equipment and sup- 
pliers’ products arranged by the Water and 
Sewage Works Manufacturers’ Association 
in an adjoining exhibit hall of the Mu- 
nicipal Auditorium. All space allotted for 
exhibits was fully utilized by the various 
manufacturers to show new equipment and 
process developments. 


Central States Smorgasbord 
and Annual Meeting 

The Central States Sewage and Industrial 
Wastes Association, host to the Federation 
meeting, held its deferred Annual Meeting 
on Tuesday evening, October 9, following a 
delicious smorgasbord supper. This event 
was attended by about 240 members and 
guests. 

At the short business meeting following 
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the supper, President Fuhrman conveyed 
the Federation’s official expression of grati- 
tude and appreciation for the exceptional 
manner in which the Central States Asso- 
ciation had carried out its responsibilities 
as host to the 24th Annual Meeting. 

Officers elected by the CSSIWA for the 
year 1951-52 were as follows: 


President: M. L. Robins, St. Paul, Minn. 

1st Vice-President: W. W. Mathews, Gary, 
Ind. 

2nd Vice-President: E. Hurwitz, Chicago, 
Ill. 

3rd Vice-President: O. J. Muegge, Madi- 
son, Wis. 

FSIWA Director: W. D. Hatfield, Decatur, 
Ill. 

Secretary-Treasurer: A. Paul Troemper, 
Springfield, Il. 


1951-52 BOARD OF CONTROL MEETINGS 


The 24th Annual Meeting of the Board 
of Control of the Federation, comprising 


sessions held at St. Paul on October 7 and 
11, disclosed good progress in routine ad- 
ministrative functions, as well as favorable 
reports on special activities of timely in- 
terest. Thirty-five officers and directors 
were on hand for the October 7 sessions, 
and 33 for the organization meeting of the 
1952 Board on October 11. 


New Officers 


Following are the officers elected on Oc- 
tober 7 to serve for the terms indicated: 

President: Professor Earnest Boyce, Col- 
lege of Engineering and School of Public 
Health, University of Michigan, Ann Arbor, 
Mich., to October, 1952. 

Vice President: E. Sherman Chase, Part- 
ner, Metealf and Eddy, Boston, Mass., to 
October, 1952. 

Treasurer: W. W. DeBerard, City Engi- 
neer, Chicago, Ill., to October, 1952 (re- 
elected). 

Director-at-Large: Professor R. G. Tyler, 
Department of Civil Engineering, Univer- 
sity of Washington, Seattle, Wash., for a 
3-year term ending in October, 1954. 

The terms of all new officers became ef- 
fective with the October 11 session of the 
new Board. 


Two New Joint Committees 


In 1950 the Board created special Fed- 
eration committees to attack two important 
problems of current significance—the in- 
creasingly serious situation in the alloca- 
tion of materials for construction and plant 
operation, and the difficulty in procurement 
of chlorine needed in water and sewage 
works. Both special committees contributed 
materially to the substantial progress made 
during the year toward the solution of both 
problems. At St. Paul the Board approved 
continued Federation participation in these 
activities in joint committees with other 
national organizations. 

The Water, Sewage, and Industrial 
Wastes Joint Committee on Critical Mate- 
rials comprises representatives of AWWA, 
WSWMA, APHA and the Federation, and 
will work cooperatively with the NPA 
Water Resources Division. The establish- 
ment of the NPA claimant agency was it- 
self an accomplishment of the committee in 
1951. 

The solution of remaining problems of 
chlorine procurement will be the aim of 
the new Joint Committee on Chlorine Sup- 
ply, embodying appointees from the Con- 
ference of State Sanitary Engineers, 
AWWA, the U. S. Public Health Service, 
and the Federation. Adoption of NPA 
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Order M-31 late in 1950 corrected the most 
serious aspect of chlorine procurement, but 
certain details require further attention. 


1951 Awards 


President Fuhrman, at the Annual Fed- 
eration Dinner on October 11, presented the 
following 1951 awards as conferred pre- 
viously by the Board of Control: 

Harrison Prescott Eddy Medal—to S. H. 
Jenkins and P. S. S. Dawson for their re- 
search papers “The Oxygen Requirements 
of Activated Sludge Determined by Mano- 
metric Methods, Parts I and II.” 

George Bradley Gascoigne Medal—to 
Leonard §. Hillis for his practical opera- 
tion papers “Solving a Digester Seum 
Problem,” and “Recirculation of Final Ef- 
fluent in a Small Activated Sludge Plant.” 

Industrial Wastes Medal—to Bruce W. 
Dickerson for his paper “High-Rate Trick- 
ling Filter Operation on Formaldehyde 
Wastes.” 

Charles Alvin Emerson Medal—to How- 
ard Eugene Moses, for his services to the 
Federation in the course of its organiza- 
tion and while filling the office of secretary 
from 1928 to 1941. 

William D. Hatfield Awards (for out- 
standing operation reports)—to J. E. Meers 
of Danville, Ill., and George H. Craemer of 
Hartford, Conn. Previous winner’s awards 
were also made to William L. Edwards, 
Gowanda (N. Y.) State Hospital; John H. 
Szymanski, New Britain, Conn.; and Ker- 
win L. Mick, Minneapolis-St. Paul, Minn. 

President Fuhrman also announced the 
winners of the 1951 Arthur Sidney Bedell 
Awards for service to Federation Member 
Associations, as follows: Harold W. Yost 
(Arizona), John Clinton Clarke (Ala- 
bama), John Robertson Hoy (Florida), 
Roy Binder (Kansas), Francis M. Veatch 
(Missouri), Arthur H. Niles (Ohio), John 
Raymond Hoffert (Pennsylvania), Charles 
Henry Trusler (ISE, England). The 
Bedell awards will be formally presented 
to these recipients at the 1952 annual meet- 
ings of their own Member Associations. 


Operation Report Competition 
Suspended 
Owing to the limited number of entries 
received annually in the Hatfield Award 
competition for annual operation reports, 
the Board directed that this activity be 
suspended for two years. It is hoped that 
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greater interest in the competition will be 
developed in the meantime. 


Annual Directory to be Changed 


Annual alternation of the form of. the 
annual Federation directory as published 
in the March issue of the Journal will in- 
crease its value and reduce costs. In even 
numbered years the alphabetical consoli- 
dated listing will be carried as it has been 
since 1948. In the odd numbered years, 
however, a listing of the names only of 
Active ana Corporate Members will be 
classified by Member Association. The 
latter listing will not include addresses, ex- 
cept possibly for new members. 


Manuals of Practice 


Issuance of the manual “Chlorination of 
Sewage and Industrial Wastes,” fourth of 
the regular numbered series, was reported 
by the Secretary to have activated sales of 
all special publications. As a result the 
revolving fund available for such publica- 
tions is presently more than adequate to 
meet immediate needs. Sales of the chlo- 
rination manual exceeded 1,000 copies in 
the first six weeks of distribution. 

The manual “Air Diffusion in Sewage 
Works” was reported to be ready for edit- 
ing, and probably to be available for dis- 
tribution in the first quarter of 1952. 

A limited supply of reprints of the re- 
port “Fundamental Considerations in Rates 
and Rate Structures for Water and Sewage 
Works” was stated to have been added to 
the sales inventory of special publications. 


Membership 


The affiliation of the German Abwasser- 
technische Vereinigung in 1950 was offset 
by the temporary suspension from member- 
ship of the Sanitary Engineering Division, 
Argentina Society of Engineers, leaving the 
present total of Member Associations of the 
Federation at 36. The Argentine group 
will be readmitted to membership as soon 
as it is permitted by its own national 
government to function again as a technical 
organization. 

The Secretary’s report stated that the ag- 
gregate membership of the Federation’s 
constituent Member Associations was 5,139 
on September 30, 1951, a gain of about 2 
per cent for the year. An increase during 
the last quarter to a figure beyond the all- 
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time high of 5,219 reeorded in 1949 was 
predicted. 

Seventeen Member Associations recorded 
increased membership in the first three 
quarters of 1951, with two others showing 
no change. Results of the 1951 membership 
contests are reported elsewhere in this issue. 


Financial 


Net worth of the Federation, as shown 
by the reports of the Secretary and Treas- 
urer, was $54,970.76 as of December 31, 
1950. The Secretary’s report showed fur- 
ther that 1951 income would cover expenses, 
and that a modest addition to surplus 
could be expected this year. 

A balanced budget providing for receipts 
and disbursements in the amount of $81,600 
was adopted for 1952. Provision was made 
for an additional stenographer in the head- 
quarters office staff, and for a slight in- 
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crease toward publication of the Journal, 
to be met mainly by additional advertising 
revenue. 


Cincinnati for 1954 Meeting 


Annual meeting locations of the Federa- 
tion are selected three years in advance, 
with New York City and Miami having 
previously been designated for the 1952 and 
1953 sites. Cineinnati recommended 
by the Meeting Place Committee as the 
1954 location, and this choice was duly con- 
firmed by the Board of Control. 

An invitation was received from the New 
Jersey Sewage and Industrial Wastes As- 
sociation to hold the 1955 Annual Meeting 
at Atlantie City. This has been referred to 
the Meeting Place Committee, for considera- 
tion with invitations on hand from the 
California, Texas, Rocky Mountain, and 
Canadian associations. 


was 


EARNEST BOYCE NEW FEDERATION PRESIDENT 


Earnest Boyce, of Ann Arbor, Mich., be 
came the twelfth President of the Federa- 
tion at the organization meeting of the 1952 
Board of Control, held at St. Paul, Minn., 
on October 11, 1951. 

Following his early edueation in the 
public schools at Winterset, Iowa, Mr. 
Boyce graduated from Iowa State College, 
receiving the degrees of Bachelor of Science 
in Civil Engineering and Civil Engineer. 
Later training at Harvard University 
earned him the degree of Master of Science 
in Sanitary Engineering. 

Upon graduation from Iowa State Col- 
lege, Mr. Boyce served with the U. S. Army 
for two years during World War I, being 
discharged with the rank of Captain. 
From 1919 to 1920 he was Assistant Engi- 
neer on highway construction for a con- 
tractor in Little Rock, Ark. 

In 1920 Mr. Boyee became an Assistant 
Engineer in the Kansas State Board of 
Health, advancing in 1924 to the position 
of Chief Engineer and Director, Division 
of Sanitation, which position he held until 
1941. In connection with the duties of the 
latter post, he was Associate Professor from 
1924 to 1934, and Professor of Sanitary 
Engineering from 1934 to 1941 at the Uni- 
versity of Kansas. 

During World War II Mr. Boyce served 


as Civilian Consultant on Army water sup- 
plies, Office of the Quartermaster General, 
and as a Senior Sanitary Engineer in the 
U. S. Public Health Service. 

In 1944 Mr. Boyce was appointed Pro- 
fessor of Sanitary Engineering at the Uni- 
versity of Michigan, being promoted in 
1947 to his present position of Chairman, 
Department of Civil Engineering, and Pro- 
fessor of Public Health. 

During Mr. Boyee’s years as Chief Engi- 
neer for the Kansas State Board of Health, 
much pioneering work was done in the field 
of sanitation. In his capacity at the Uni- 
versity of Michigan he has established an 
outstanding sanitary engineering research 
laboratory and has served as special con- 
sultant on several national commissions. 

Mr. Boyce has been a member of the 
Federation’s Board of Control since 1936, 
first as Director from the Kansas Sewage 
Works Association (1936-40) and then ex- 
officio by reason of his chairmanship of the 
Organizational Committee. He has also 
served on the Legislative Analysis Com- 
mittee (1946-48). During his term as Vice- 
President (1950-51) he served on the Ex- 
ecutive Committee and the Meeting Place 
Committee. 

With his wide background in member 
association activities and general sanitation 
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understanding of pollution abatement ac- 


E. Sherman Chase, the new Vice-President 
of the Federation, brings to the Federation’s 
official family a broad background of ex- 
perience in the sanitary engineering field. 
This, with his proven ability in leadership 
of engineering groups, promises much in 
helping the Federation to achieve its ever- 
expanding objectives of service to the 
several fields concerned with pollution pre- 
vention and abatement. 

Mr. Chase entered the employ of Metcalf 
and Eddy, consulting engineers, Boston, 
Mass., in 1920 as Sanitary Engineer, be- 
coming a partner in the firm in 1927. Be- 
fore entering the employ of Metcalf and 
Eddy he had served as Teaching Assistant 
at Worcester Polytechnic Institute (1907- 
08); Chemist (1908-09) and Resident En- 


The 1951 Federation membership con- 
tests, carrying prizes of $100 each, were 
won by the Michigan Sewage and Industrial 
Wastes Association and the Institution of 
Sanitary Engineers (England). Both con- 
tests covered the year ended September 30, 
1951. 

The numerical increase contest was won 
by the Michigan Sewage and Industrial 
Wastes Association with a gain of 34 mem- 
bers. This contest was extremely close, as 
the California Sewage Works Association 
showed an inerease of 33 members. Other 
contenders were the New England Sewage 
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tivities and a proven leadership that will 
help in achieving the aims of the Federa- 
tion during the year ahead. 


gineer (1909-13) at Reading, Pa.; Expert 
on Sewage Disposal for the Borough of 
Richmond, N. Y. (1913); and Assistant 
Sanitary Engineer, New York State Health 
Department (1913-20). 

In addition to being a Director-at-Large 
on the Federation Board of Control (1950- 
51), Mr. Chase has served as 2nd Vice- 
President (1949-50), and 1st Vice-Pres- 
ident (1950-51), and is currently President 
of the New England Sewage Works As- 
sociation. He is also a member of the 
Federation’s Quarter Century Operators’ 
Club and of several engineering societies 
both in the United States and abroad. He 
is at present a member of the Federation’s 
Executive Committee and the Meeting Place 
Committee. 


Works Association (29), the New Jersey 
Sewage and Industrial Wastes Association 
(27), and the Canadian Institute on Sew- 
age and Sanitation (19). 

The Institution of Sanitary Engineers, 
victor in the percentage increase contest, 
won easily with a magnificent 57 per cent. 
Runners up were the Kansas Sewage Works 
Association, the Alabama Water and Sew- 
age Association, the New Jersey Sewage 
and Industrial Wastes Association, and the 
Michigan Sewage and Industrial Wastes 
Association, with recorded increases of 28, 
24, 17, and 13 per cent, respectively. 


Classifications and Standards of Water 
Quality and Purity. New York State 


Water Pollution Board. Jour., Am. 
Water Works Assn., 42, 12, 1137 (Dec., 
1950). 


These classifications and standards were 
adopted on October 25, 1950, by the New 
York State Water Pollution Control Board 
under authority given by the state legisla- 
ture. The essential breakdown for differ- 
ent water classifications is as follows: 


1. Classes and standards for fresh sur- 
face waters. 

Class AA—Source of water supply for 
drinking, culinary, or food-processing pur- 
poses and any other usages, that meets 
U.S.P.H.S. Drinking Water Standards 
after only disinfection or additional treat- 
ment for removal of naturally present 
impurities. 

Class A—Source of water supply for 
drinking, culinary, or food-processing pur- 
poses and any other usages, that meets 
U.S.P.H.S. Drinking Water Standards 
after treatment equivalent to coagulation, 
sedimentation, filtration, and disinfection, 
with additional treatment if necessary to 
remove naturally present impurities. 

Class B—Bathing and other usages 
except as a source of water supply for 
drinking, culinary, or food-processing pur- 
poses. 

Class C-—Fishing and any other usages 
except for bathing or as a source of water 
supply for drinking, culinary, or food- 
processing purposes. 

Class D—Agricultural or source of in- 
dustrial cooling or process water supply 
and any other usage except for fishing, 
bathing, or as a source of water supply for 
drinking, culinary, or food-processing pur- 
poses. These waters shall be suitable for 
fish survival and shall be satisfactory for 
agricultural usages and industrial process 
cooling water without treatment, except 
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for natural impurities, and with special 
treatment for other industrial processes. 

Class E—Usage for sewage, industrial 
wastes, or other wastes disposal and trans- 
portation, or any other usages except 
agricultural, source of industrial cooling 
or process supply, fishing, bathing, or 
source of water supply for drinking, culi- 
nary, or food-processing purposes. 

Class F—Usage for sewage, industrial 
wastes, or wastes disposal. 


2. Classes and*standards for tidal salt 
waters. 

Class SA—Usage for shellfishing for 
market purposes and any other usages. 

Class SB—Usage for bathing and any 
other usages except shellfishing for market 
purposes. 

Class SC—Usage for fishing and any 
other usages except bathing or shellfishing 
for market purposes. 

Class SD—Any usages except fishing, 
bathing, or shellfishing for market pur- 
poses. 


3. Classes and standards for under- 
ground waters. 

Class GA—Source of water supply for 
drinking, culinary, or food-processing pur- 
poses and any other usages, that meets 
U.S.P.H.S. Drinking Water Standards 
after only disinfection or additional treat- 
ment for removal of naturally present 
impurities. 

Class GB—Source of industrial or other 
water supply and any other usages except 
as a source of water supply for drinking, 
culinary, or food-processing purposes. 
These waters shall also, without treatment 
except for natural impurities, be satis- 
factory for agricultural water supply or 
industrial process cooling water; and with 
special treatment as may be needed under 
each particular circumstance, will be satis- 
factory for, other industrial purposes. 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., 


which might be suitable for abstracting in Tu1s JoURNAL. 


Publications of public health de- 


partments, stream pollution control agencies, research organizations, and education institu- 


tions are particularly desired. 
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Address such material: Federation of Sewage and Industrial 
Wastes Assns., 325 Illinois Bldg., Champaign, III. 
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The detailed quality standards are given 
for each of the above classifications. In 
particular, it should be noted that except 
for the one instance relating to the classi- 
fication of shellfishing for market purposes, 
the use of organisms of the coliform group 
is not used asa criterion. Instead, “effec- 
tive disinfection” of sewage or waste 
effluents is required. 

Rosert P. Lowe 


Progress Report on Water Quality Criteria. 
California Water Poll. Control Board. 
Jour., Am. Water Works Assn., 42, 12, 
1147 (1950). 

This article is a progress report pre- 
sented on March 2, 1950, to the California 
Water Pollution Control Board by its 
Committee on Water Quality Criteria. 
It is emphasized that this material was 
not an enacted law or regulation in Cali- 
fornia when presented for publication, but 
its publication for information purposes 
was authorized by the California Water 
Pollution Control Board, which invited 
comments from interested groups. 

The report first emphasizes its objections 
to the zoning method of regulation. In- 
stead, it was decided that a method of 
establishing the requirements of waste 
disposal in each of the nine state regions 
must take into account all considerations 
involved. Of particular interest is the 
requirement for determination of the 
optimum usage value, below which the 
use of disposal waters is not damaged to 
any significant degree by pollution; and 
then the determination of a maximum or 
limiting value, above which the beneficial 
use is, to all practicable purposes, inhibited 
or destroyed. The report includes a table 
showing the optimum and limiting values 
of water characteristics which pertain to 
each type of beneficial usage. This table 
is important, as the optimum and limiting 
values are the basis of evaluating waste 
disposal problems. 

To properly consider the factors in- 
volved, a detailed ‘“Method of Analysis of 
Waste Disposal Problems” is outlined, 
and an example of its application is given 
for the Los Angeles sewage problem. 

This method is quite detailed, and it 
may be very cumbersome in some cases, 
as latitude for a number of decisions is 
present. However, it is designed to meet 
the variable conditions in the nine pollu- 
tion control regions in California, as ad- 
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ministered under the Dickey Water Pollu- 
tion Act. 
Rosert P. Lowe 


The Determination of Small Amounts of 
Cyanide. By W. G. Foyer. Ind. 
Chem. (S. Af.), 3, 53 (1949). 

Four methods of determining small 
amounts of cyanide are described. In 
each method thé cyanide is first distilled 
off into an absorbing solution so that 
double and complex cyanides, which may 
also be responsible for pollution, are in- 
cluded in the determination. Any sulfides 
present should be removed by precipita- 
tion with lead carbonate; strong oxidizing 
agents should be absent during distillation 
to prevent conversion of cyanide to 
cyanate and the decomposition of thio- 
cyanate, 

The Prussian-blue method is not very 
sensitive and is unsuitable for cyanide 
concentrations of less than 1 p.p.m., but 
it is specific for cyanides. The silver 
cyanide method, based on comparison with 
standards of the opalescence formed when 
silver nitrate is added to cyanide-bearing 
solutions, will determine 0.2 p.p.m. of 
cyanide. The ferric thiocyanate method, 
also colorimetric, is specific for cyanides 
but is not very reliable, as the color fades 
quickly. The fourth method, which can 
be used for concentrations as low as 0.02 
p.p.m., depends on the oxidation of phenol- 
phthalein in alkaline solution to give a 
characteristic red color when in the pres- 
ence of cyanide and a copper salt. 

All four methods are adaptable for 
determining HCN in the atmosphere. 


H. P. 


Repeated Re-Use of Sea Water as a 
Medium for the Functioning and Self- 
Cleansing of Molluscan Shellfish. By 
L. A. ALLEN, G. Tuomas, M. C. C. 
Tuomas, A. B. Wueattanp, H. N. 
Tuomas, E. E. Jones, J. Hupson, anpD 
H. P. Suerwoop. Jour. Hyg., 48, 4, 
431 (Dec., 1950). 

Mussels harvested from polluted estu- 
aries can be purified by immersion in 
sterilized sea water for two successive pe- 
riods, each lasting for about 16 to 20 hr. 
The sea water is sterilized previously by 
the addition of bleach and dechlorinated 
with sodium thiosulfate prior to immersion 
of the mussels. After each period of 
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purification the water is discarded and a 
fresh batch of sea water is used. When 
mussels are to be cleansed at locations 
distant from estuaries it is difficult to 
obtain water of the required salinity. 
Continued re-use of a batch water for such 
situations becomes necessary. The sea 
water after use for cleansing mussels be- 
comes depleted of oxygen. This can be 
remedied by aeration. The pH value also 
drops as a result of immersion of the 
mussels, due to respiration, which is also 
corrected by aeration. The water thus 
may be re-used indefinitely. The coli- 
form organisms in the mussels are greatly 
reduced by the cleansing processes, but 
the bacterial numbers in the water are 
subject to large fluctuations. In chlorinat- 
ing the water for re-use, the greatest 
difficulty arises in removing the residual 
chlorine so that it will not inhibit the 
functioning of the mussels when the water 
is re-used. Several methods of chlorine 
removal were tried. The most satis- 


factory method was to predetermine, by 
means of small-scale tests, the quantity of 
chlorine required to give a residual of 0.05 
to 0.10 p.p.m. and then to add the corre- 


sponding quantity accurately to the bulk 
of water to be re-used. After a 1-hr. con- 
tact period the water is aerated for 1 hr. 
Trials showed that this procedure gave a 
water which did not exceed a residual 
chlorine content of 0.05 p.p.m. At this 
concentration the mussels functioned satis- 
factorily. It is recommended that the 
temperature of the re-used water should be 
maintained at 43° F. or above. Oysters 
can be cleansed by a process of re-use of 
the water similar to mussels, provided that 
the temperature is maintained at 54° F. or 
higher. Trials also showed that fresh 
water to which suitable quantities of 
major constituents of sea water are added 
can also be successfully re-used for cleans- 
ing mussels. 
H. HEUKELEKIAN 


Sewage and Water Treatment in Australia. 
By D. H. Barractoueu. Surveyor, 
110, 48 (Jan. 26, 1951). 

A condensation of an address delivered 
to the Metropolitan and Southern Branch 
of the Institute of Sewage Purification, 
London, Jan. 19, 1951. 
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In Sydney, intercepting sewers discharge 
to the ocean through three principal out- 
falls. Pollution of bathing beaches led to 
the decision to install treatment facilities. 
One such plant is under construction. 
Treatment is to consist of screening, grit 
removal, and sedimentation. Screenings, 
after disintegration, are to be mixed with 
sludge, and the mixture pumped several 
miles to discharge into another sewer 
system. It is anticipated that the treat- 
ment works serving this latter sewer 
system will provide for the treatment of 
all sludges produced at the various plants. 

There are also several small plants out- 
side the drainage areas of the ocean outfall 
systems. These usually consist of settling 
tanks and filters. Two-stage, unheated 
digestion is generally provided, followed 
by air drying on open beds. 

The bulk of the sewage of the city of 
Melbourne is treated at a sewage farm, 
29,000 acres in extent, handling a dry 
weather flow of 62 m.g.d. The flow in- 
creases by 1 to 1.2 m.g.d. per annum, and 
new areas are being prepared for irrigation. 

Adelaide has two activated sludge 
plants, each with a capacity of 100,000 
population. A new works with a capacity 
of 750,000 population is being planned to 
replace a sewage farm now serving the 
central area of the city. 

There is also a brief description of the 
water supply of Sydney. 

M. C. 


The Sanitary Engineer and Reports on 
Chemical Analyses. By C. J. ReGan. 
Surveyor, 110, 73 (Feb. 9, 1951). 

When the results of chemical analyses 
are reported to engineers, the findings 
should be reduced to terms which are 
meaningful from the engineer’s point of 
view. It is also desirable that the results 
be compared with the required standards 
for the material examined, and that the 
chemist’s own recommendations for action 
be included in the report. There follows 
a listing of the analyses commonly per- 
formed on sewage, sewage effluents, river 
water, drinking water, and bathing water, 
showing typical results, required standards 
(in England), and the significance of cer- 
tain deviations from normalcy in the 
results. 

M. C. Rano 
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WICHITA, KANSAS, with its ex- 
p panding aircraft production, has 
. ar outgrown its original sewage treatment plant. As a 
in Long Range part of a long-range plan, the three: fixed cover diges- 
ters with a combined capacity of 374,640 cu. ft. were 
supplemented in 1943 by two 75-foot diameter open 
e storage tanks. In 1948-49 P. F. T. Floating Covers were 
Planning for placed on these new digesters, and P. F. T. Digester 
Heaters were included to bring the total heated diges- 
tion capacity up to 624,400 cu. ft. 

Lower photograph shows the two P. F. T. No. 750 
Sewa e Digester Heater and Heat Exchangers arranged for 
g sludge gas firing and equipped with Type “B” controls 
to automatically maintain the sludge digesters at the 
optimum temperature for best digestion. The sludge 
tubes in each heat exchanger are arranged for circula- 

Treatment Plant tion through two sections of the heater in parallel. 
The “undercover” view at the top shows the smooth 
unobstructed floating cover under-surface and the pip- 
Ne ing within the digester, and the P. F. T. Supernatant 


Selector. P. F. T. Supernatant Gauges and Samplers 
and Gas Safety Equipment in the digester building 
were included in this controlled digestion system. 
This is another case where P. F. T. equipment readily 
dovetailed with existing plant structures and equip- 
ment to handle increased loadings. Black & Veatch, 
Kansas City, Missouri, were consulting engineers, ac- 
tively assisted by E. F. Miltner, Plant Superintendent. 


PACIFIC FLUSH TANK CO. 
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Proceedings of Member Associations 


PENNSYLVANIA SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 25th Annual Meeting of the 
Pennsylvania Sewage and Industrial 
Wastes Association was held at State 
College, Pa., on August 22-24, 1951. 
In fitting climax to the 25 years of As- 
sociation growth, the conference regis- 
tration totalled 250, a new record high. 

The afternoon of August 22 was oe- 
cupied with a tour of the Warner 
Limestone Co. mine and plant at 
3ellefonte, followed by the annual 
softball and golf tournaments. 

The evening session heard an ad- 
dress of weleome by H. P. Hammond, 
dean, School of Engineering, Pennsyl- 
vania State College. Two interesting 
movies, ‘‘Waters of the Common- 
wealth’? and ‘‘The Battle Against 
Rust,’’ completed the evening program. 

The morning of August 23 was de- 
voted to a Sewage Works Symposium 
consisting of the following papers: 


‘‘Operation of Activated Sludge 
Treatment Works at Meadville,’’ by 
Dewayne Day, operator, Meadville 
sewage treatment plant. 

‘*Corrosion Protection of Sewage 
Structure,’’?’ by W. T. MeClenahan, 
principal construction engineer, Sani- 
tary District of Chicago. 

‘*Tnitial Operation of Two-Stage 
High-Rate Filters at Mechanicsburg, 
Pa.,’’ by Harry Foth, manager and 
superintendent, Mechanicsburg sewage 
treatment works. 


At an Industrial Wastes Symposium 
during the afternoon session the fol- 
lowing papers were presented : 


‘‘Waste Pickle Liquor Treatment at 
the Butler, Pa., Plant of the Armco 
Steel Corp.,’’ by Grant A. Pettit, in- 
dustrial waste engineer, Armco Steel 
Corp., Middletown, Ohio. 


‘*Waste Pickle Liquor at Walker of 
Conshohocken,’’ by C. J. Lewis, techni- 
eal director, Warner Company, De- 
vault, Pa., and W. A. Cubberley, gen- 
eral superintendent, Walker of Con- 
shohocken. 

‘*Phenol Destruction by Chemical 
Oxidation,’’ by John E. Kinney, sani- 
tary engineer, Ohio River Valley Wa- 
ter Sanitation Commission, Cincinnati, 
Ohio. 

‘*Biological Treatment of Phenolic 
Wastes,’’ by C. F. Garland, sanitary 
engineer, Infilco, Ine., Tucson, Ariz. 


At the Annual Dinner, held the eve- 
ning of August 23, the principal 
speaker was R. E. Fuhrman, president 
of the Federation, who spoke on ‘‘ Fed- 
eration Affairs.’’ 

Papers presented at the morning ses- 
sion on August 24 were as follows: 


‘“‘Loadings and Performance of 
High-Rate Trickling Filters Operated 
in Series and Parallel,’’ by H. Heu- 
kelekian, New Jersey Agricultural Ex- 
periment Station, New Brunswick, 
N. J. 

‘*Starting-Up Experiences at Phila- 
delphia,’’ by Ralph Hoot, superin- 
tendent of sewage disposal plants, 
Philadelphia. 

‘‘An Orderly Approach to Indus- 
trial Waste Disposal,’’ by Lyman Cox, 
Engineering Service Division, E. I. 
duPont de Nemours Company, Wil- 
mington, Del. 

At the Annual Business Meeting, 
held after the morning session on Au- 
gust 23, J. R. Hoffert was nominated 
to receive the Federation’s Arthur 
Sidney Bedell Award. The following 
officers were elected to serve during 
1951-52: 


President: R. Bolenius, Willow Grove. 


(Continued on page 30a) 
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New York's City Hall, completed in 1811, as it looked 100 years ago 


T:. City of New York has several cast iron 
water mains in service that were laid 

more than a century ago. They 

are part of approximately 5,000 miles of 

cast iron mains representing about 98% of all the pipe 
in New York’s distribution system. The 

contrast in traffic and construction, 

above and underground, today 

and 100 years ago, is fantastic. Yet 

the shock-strength, crushing-strength and 

and beam-strength of cast iron mains have enabled 
them to withstand the unforeseen stresses 

imposed by vast changes. Because 

of these strength factors 

and effective resistance to corrosion, 

cast iron water and gas mains laid over 100 

years ago, are still serving in the streets of 38 cities 
in the United States and Canada. 

United States Pipe and Foundry Company, 

General Offices, Burlington, N. J. Plants and Sales 
Offices Throughout the U. S. A. 


cast iron 


PIPE 


VOR WATER. GaAs AcE 
Als t TRIA! bk 


NUMBER TEN OF A SERIES 
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Ist Vice-President: R. F. 
Philadelphia. 
2nd Vice-President: T. R. Haseltine, 
Pittsburgh. 
Secretary-Treasurer: B.S. 
Wilkes-Barre. 
3ERNARD BusH, 
Secretary-Treasurer 


Weston, 


Bush, 


IOWA SEWAGE WORKS 
ASSOCIATION 


The 33rd Annual Meeting of the 
Iowa Sewage Works Association was 
held at the Hotel Talleorn, Marshall- 
town, lowa, September 11-13, 1951. 
Total registration for the meeting was 
112, including 16 ladies. 

On September 11, following a wel- 
coming address by Mayor John L. 
Mowry of Marshalltown, a symposium 
on ‘‘ Application of Sewer Ordinance’’ 
was presented as follows: 

‘** Adoption and Operation of a Sewer 
Service Ordinance,’’ by Noel M. Cham- 


pion, city engineer, Spencer. 


‘‘Adoption and Operation of a 
Sewer Control Ordinance,’’ by Eli N. 
Eastman, superintendent, Dept. of 
Sewers, Waterloo. 

‘A Study of Wastes Discharged to 
Sewers as a Matter of Sewer Control 
and Service Charges,’’ by F. Russell 
Martin, chemist, sewage treatment 
plant, Marshalltown. 


This was followed with a discussion of 
‘“Two Years’ Progress under the New 
Stream Pollution Law,’’ by a panel 
comprising P. J. Houser, director, 
Division of Engineering, Iowa State 
Dept. of Health; Leon A. Winter, con- 
sulting engineer, Sioux City; Oscar 
Grau, mayor, Storm Lake; and M. L. 
Wickersheim, superintendent, sewage 
treatment plant, Estherville. After 
adjournment of the technical session, 
a social hour furnished by the Water 
and Sewage Works Manufacturers As- 
sociation was enjoyed. 

The morning session on September 
12 heard papers as follows: 

(Continued on page 32a) 


SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are ‘‘Parker- 
ized”’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 
2437 East 24th Street Los Angeles 54, Calif. 
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Plating Waste 
Continuous Flow 


Package Unit 


Removal of Toxic Metals 
Clariflow provides for chrome reduc- 
tion, precipitation of hydrous oxides 
of chromium, nickel, copper, zinc, 
lead and iron; sludge separation; 
sludge thickening and disposal. 


Alkaline and Acid Wastes 


These wastes may be treated by batch 
or continuous process. Batch treat- 
ment requires only the addition of 
chemicals and mixing equipment. 


Clariflow is engineered in circular, square or rectangular shapes for new instal- 
lations or to modernize existing equipment. 


write for complete information 


WALKER PROCESS EQUIPMENT INC. 
FACTORY + ENGINEERING OFFICES + LABORATORIES 


URORA ILLINOIS 
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‘‘Stream Pollution in the Missouri 
River Basin,’’ by Keith Krause, sani- 
tary engineer, U.S.P.H.S., Kansas City, 
Mo. 

‘‘Garbage Disposal with Sewage,’’ 
by E. Farmer, consulting engineer, 
Kansas City, Mo. 

‘‘Expanding and/or Modernizing 
Sewage Treatment Plants,’’ by C. W. 
Durham, consulting engineer, Omaha, 
Nebr. 


The afternoon was primarily devoted 
to an industrial wastes panel discus- 
sion, with papers as follows: 


‘* Effect of Creamery Wastes on Sew- 
age Treatment Plants,’’ by W. E. Gal- 
ligan, professor of sanitary engineer- 
ing, Iowa State College, Ames. 

‘Packing House Wastes—Sources 
and Treatment,’’ by Karl Hurlinger, 
research chemist, John Morrell & Co., 
Ottumwa. 

‘*Rendering Plant Wastes—Types 
and Treatment,’’ by R. J. Schlickle- 
man, engineer, State Health Depart- 
ment. 


The business meeting was then held, 
with the following officers elected for 
the succeeding year: 


President: M. lL. Wickersheim, Esther- 
ville. 

Vice-President: J. L. Strelow, Daven- 
port. 

Secretary-Treasurer: 
Webster City. 


Leo Holtkamp. 


Paul Bolton, assistant engineer, Iowa 
State Department of Health, was nomi- 
nated to receive the Federation’s 
Arthur Sidney Bedell Award. Other 
business included adoption of a con- 
stitutional amendment providing for 
Student Memberships. 

The highlight speaker of the Annual 
Banquet, which followed a social hour 
provided through the courtesy of the 
Water and Sewage Works Maunfac- 
turers Association, was Arthur H. 
Brayton, secretary, Des Moines Con- 


vention Bureau. Other speakers were 
A. H. Niles, FSIWA past president, 
and R. J. Houser, Division of En- 
gineering, Iowa State Dept. of Health. 

The morning of September 13 fea- 
tured an Operators’ Breakfast and 
Question Box; and a discussion of 
‘‘Acts of 54th General Assembly Af- 
fecting Sewage Works,’’ by Louis 
Cook, tax research director, State Tax 
Commission, Des Moines. 

The meeting closed with an inspec- 
tion tour of the Marshalltown sewage 
treatment plant. 

Leo HouirKamp, 
Secretary-Treasurer 


KENTUCKY-TENNESSEE 
INDUSTRIAL WASTES AND 
SEWAGE WORKS 
ASSOCIATION 


The 1951 Annual Meeting of the 
Kentucky-Tennessee Industrial Wastes 
and Sewage Works Association was 
held jointly with the Kentucky-Ten- 
nessee Section, American Water Works 
Association, at the Kentucky Hotel, 
Louisville, September 17-19, 1951. The 
total registration of 220 included 46 
ladies. 

Following registration the joint ses- 
sion opened with an address of wel- 
come by Henry Gerber, president, 
Louisville Water Company. Both or- 
ganizations were honored by having 
the president of each of the national 
organizations bring greetings and point 
out some of the advantages of coopera- 
tion between the two states, two organi- 
zations, and mutual problems of the 
two associations. Also emphasized was 
the importance of water, sewage, and 
industrial waste problems in relation 
to the present world situation and to 
the economy of the country. 

The afternon session included a dis- 
eussion of ‘‘Organization of Old Hick- 
ory Utility District,’’ by H. B. Rich- 
ards, chairman, Board of Commis- 


(Continued on page 34a) 
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ror trouble-free, 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


low cost 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD «+ CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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sioners, Old Hickory, Tenn.; a talk on 
‘*Civilian Defense Emergencies,’’ by 
Neil Dalton, coordinator, Louisville 
Area Civil Defense Advisory Commit- 
tee, Louisville, Ky.; and a discussion 
of ‘‘Fluoridation of Tennessee and 
Kentucky Water Supplies,’’ by Carl 
L. Sebelius, director, Dental Hygiene 
Service, Tennessee Department of Pub- 
lie Health, and H. N. Jernigan, Wal- 
lace & Tiernan Co., Union City, Tenn. 
The afternoon session concluded with 
a talk on ‘‘Management of a Water 
Company,’’ by A. E. Clark, manager, 
Nashville Suburban Utility District, 
Nashville, Tenn. All of these discus- 
sions were timely and resulted in con- 
siderable discussion. 

The separate session of the Ken- 
tucky-Tennessee Industrial Wastes and 
Sewage Works Association held on 
Tuesday, September 18, included talks 
and discussions on the following topics: 


‘Pretreatment of Industrial Waste 


THE MAGNETITE FILTER 
REMOVES FINE 
SUSPENDED SOLIDS 


Sewage © Industrial Waste @ Water 


GREATLY IMPROVES EFFLUENTS & 
EFFICIENCY OF 
*% Plain Sedimentation 
*% Chemical Precipitation 
* Trickling Filters Bio-Filters 
* Activated Sludge 


The MAGNETITE FILTER removes 
nearly all settleable solids and 40 to 50% 
of all suspended solids reaching it. It 
gives a constant quality of effluent in spite 
of major variations in influent. 


For full specifications contact 


MAGNETITE FILTER CORPORATION 
10 E. 40th St., New York 16, N.Y. LE 2-5570 
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in City Systems,’’ by Willis H. Lewis, 
sanitary engineer, Tennessee State 
Health Department. 

‘‘New Legislation on Stream Pollu- 
tion,’’ by F. C. Dugan, director, Divi- 
sion of Sanitary Engineering, Ken- 
tucky State Health Department, and 
R. P. Farrel, director, Division of 
Sanitary Engineering, Tennessee State 
Health Department. 

**Radioisotope Distribution and Con- 
trol Program of AEC,’’ by F. W. Kit- 
trell, Atomic Energy Commission, Oak 
Ridge, Tenn. 

‘*Paper Mill Wastes in Streams,’’ 
by Harry W. Gehm, technical adviser, 
National Council for Stream Improve- 
ment, New York, N. Y. 

‘Milk Wastes,’’ by John W. Ruga- 
ber, engineer, Pet Milk Co., Greene- 
ville, Tenn. 


The technical program was con- 
eluded with a joint session on the morn- 
ing of September 19 with a paper on 
‘*Planning the Expansion of Water 
and Sewerage Service,’”’ by Arthur L. 
Dow, city manager, Paris, Tenn., fol- 
lowed by inspection trips to various 
units of the Louisville Water Com- 
pany system. 

Entertainment was provided at a 
dinner Monday evening (compliments 
of the Louisville Water Co.) and the 
Annual Dinner-Dance on Tuesday 
evening. Special entertainment for 
the ladies included a luncheon and style 
show on Monday and a luncheon fol- 
lowed by visits to points of interest on 
Tuesday. 

Officers elected for the year 1951- 
52 were: 


Chairman: W. J. Eldridge, Old Hick- 
ory, Tenn. 

Vice-Chairman: H. D. Regan, Lexing- 
ton, Ky. 

Secretary-Treasurer: R. P. 
Nashville, Tenn. 

R. P. Farre., 
Secretary-Treasurer 


Farrell, 


oa 
“a5 
9 
iq 
i 
From 
> 


SEWAGE AND INDUSTRIAL WASTES 


‘VAREC” figures in Zocee SEWAGE 


FREATMENT. 


SAFETY 


GAS SUPPLY 
METER 


TO wa’ 
GAS BURNER 


“ware 


| super TO 
FLAME CHEC L 


— 


— = 


INSTALL ORIP 


GAS BURNER — 
oa TRAPS AT ALL LOW POINTS 


PLANT DESIGN: 
nd GAS CONTROL 


om 
#1G.450 
TRAP 
ASSEMBLY 


EQUIPMENT 


REGULATOR CONT ADL LIME’ 
LESS 
MENDE 

REGULATOR TO SUPPL 


——"yarec” FIGS 245 08 
248 ome 


GAS PIPING SCHEMATIC 


GAS EQUIPMENT 
SPECIFICATIONS 
PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 
FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 
FLAME CHECK 
“VAREC” Fig. No. 52A 
. EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 
WASTE GAS BURNER 
“VAREC” Fig. No. 236 
DRIP TRAPS 
“VAREC” Fig. No. 245 
(automatic ) 
“VAREC” Fig. No. 248 
(hand operated ) 
MANOMETERS 
“VAREC” Fig. No. 216A 


PROVED 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 
burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 
“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
Zas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 


THE VAPOR RECOVERY SYSTEMS CO. 
COMPTON, CALIFORNIA, U. A. 
Cable Address: VAREC COMPTON USA (All Codes) 
New York * Boston * Pittsburgh * Chicege * Detroit * St. Levis * Heuston 
Tulse * Casper, Wye. * Prove, Utah * Los Angeles * San Francisce * Seattle 
Available from authorized Sewage Equipment 
agents throughout United States ond 
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Equipment and Supply Lines 


Hook-On Power-Factor Meter—A 
new hook-on power-factor meter per- 
mitting measurement of power factor 
without cutting conductors or inter- 
rupting electrical service is announced 
in Bulletin GEA-5469. Usable on any 
balanced 3-phase circuit, the meter 
gives direct power-factor readings in 
circuits with voltages ranging from 100 
to 600 volts, currents from 15 to 600 
amperes, and frequencies from 50 to 90 
eycles—General Electric Co., Schenec- 
tady 5, N. Y. 


Dry Chemical Feeder—Introduction 
of a new dry chemical feeder, known 
as the Chemizer, has been announced 
(Bulletin 35-H5). Small in size, but 
with a larger feeding capacity than 
many bigger feeders, it features wide 
variability in feed rate, easy installa- 
tion, great accessibility, and ease of 
maintenance.—Omega Machine Co., 368 
Harris Ave., Providence 1, R. I. 


Electric Contact and Proportional 
Control—A new 36-page catalog (No. 
15-15) gives engineering and construc- 
tional data, types of control, available 
ranges, application data, and accessory 
descriptions for the ElectroniK line of 
electric control—Minneapolis-Honey- 
well Regulator Co., Brown Instruments 
Div., Station 40, Wayne and Windrim 
Aves., Philadelphia 44, Pa. 


Electrochemical Measurements and 
Automatic Control—Measurement of 
pH, redox, and conductivity in control 
systems is comprehensively covered in 
a new 24-page bulletin (Tech. Bull. No. 
B51-2). Fundamental principles of 
electrochemical measurements are dis- 
cussed and final control elements for 
automatic control systems are de- 
scribed.—Minneapolis-Honey well Regu- 
lator Co., Brown Instruments Div., Sta- 
tion 40, Wayne and Windrim Aves., 
Philadelphia 44, Pa. 


Portable Air Compressor—Bulletin 
H-850-B73, describing the Blue Brute 
160-c.f.m. portable air compressor, 
gives specifications for compressors, 
gasoline engine, diesel engine, and 
various typvs of running gear.—Worth- 
ington Pump and Machinery Corp., 
Dunellen, N. J. 


Mixing Device—A new and revolu- 
tionary mixing device, called the Sim- 
plex Dispersator, is being offered. De- 
signed for process operations where 
propellers are generally ineffective, the 
Dispersator can be used for speedy 
emulsification, dispersion, and intimate 
mixing. Various sizes are available, 
with flexible shaft drive if desired.— 
Premier Mill Corp., 218 Genessee St., 
Geneva, N. Y. 


Self-Priming Pumps—Bulletin No. 
51-27 describes a new line of Rex self- 
priming portable centrifugal pumps 
with capacities from 4,000 to 90,000 
g.p.h.—Chain Belt Co., 1600 W. Bruce 
St., Milwaukee 4, Wis. 


Differential Converter—A new mer- 
curyless fléw meter is described in 
Catalog 2281. Specifications and in- 
stallation data are given for the pneu- 
matic-balance type flow transmitter 
having continuous range change ad- 
justment from 0-20 to 0-200 in. of 
water.—Minneapolis-Honeywell Regu- 
lator Co., Industrial Division, Phil- 
adelphia 44, Pa. 


Through an oversight, the adver- 
tisement of Ace 
Contractors, Inc., in the December 
issue of Tuts JOURNAL, carried the 
The cor- 
rect telephone number for this com- 
pany is CHestnut 2891. 


Pipe Cleaning 


wrong telephone number. 
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'..for high removals at low cost plus 
flexibility of operation, we specified.. 


PROCESS OXIDATOR'"' . 


Write to any of the addresses listed below for complete 
information about this original one tank aeration, coag- 
ulation and sedimentation unit with sludge recirculation. 
Patented and Patents Pending 


212 SUTTER STREET 6361 HOLLYWOOD BivD. 
SAN FRANCISCO 6, CALIF LOS ANGELES 28, CALIF. 
EASTERN AND MIDDLE WESTERN REPRESENTATIVE: 

PACIFIC FLUSH.TANK COMPANY + 4241 RAVENSWOOD AVE, CHICAGO 13, iL. 


INCORPORATED 
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DIRECTORY OF ENGINEERS 


(Continued through page 43a) 


ALBRIGHT & FRIEL, INC. ALVORD, BURDICK & HOWSON 
FRANCIS S. FRIEL Engineers 
Charles B. Burdi Louis BR. Howson 
es B. Burdic 
WATER, SEWAGE AND INDUSTRIAL 
AIRFIBLDE, gTRIAL BUILD NGS Water Works, Water Purification, 
bs Flood Relief, Sewerage, Sewage 
CITY PLANNING LUATIONS Disposal, Drainage, Aamantaal, 
REPORTS LABORATORY Power Generation 


PHILADELPHIA 
121 St. 7 Civic Opera Building Chicago 


MICHAEL BAKER, JR., Inc. BAXTER AND WOODMAN 


The Baker Engineers oat 
Civil Engineers, Planners, and Surveyors Civil and Sanitary Engineers 
Water Supplies Water Treatment 
ysteme—Water Works Design a ation—Surveys Sewer Systems Sewage Treatment 
Industrial Waste Treatment 
Investigations 


Office: Rochester, Pa. 
erench Ooeees” Jackson, Miss. Harrisburg, Pa. P. 0. Box 67 Crystal Lake, Illinois 


W H & L D BETZ CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 

Consulting Engineers Cunton L. BoozrtT Ivan L. Bocert 

J. M. M. Greie Rospert A. LINCOLN 

Industrial Waste Donatp M. DitMaRs ARTHUR P. ACKERMAN 


lndustrial Water Water and Sewage Works 


Analysis Design 
ae ‘ Refuse Disposal Industrial Wastes 
Investigations Operation Drainage Flood Control 


Gillingham & Worth Sts. Philadelphia 24, Pa. 624 Madison Ave, New York 82, N. Y¥. 


BLACK & VEATCH 
Consulting Engineers 
Sewace - WatTeR - - INDUSTRY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES CONSULTING ENGINEERS 


Engineers Will your prospective clients find you 


Sewerage—Sewage Treatment listed here among these wastes dis- 
posal specialists? If you offer con- 
Municipal —Tndustrial Projects sulting services for sewage and indus- 


Valuations— Reporte— Designs trial waste disposal problems, send in 
110 William Street New York 7, N. Y. 


Take advantage of the services of these outstanding consultants! 
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BROWN AND BLAUVELT 
Consulting Engineers 
Water Supply Airports 
Sewer Systems Highways 
Sewage Disposal Plants Industrial Buildings 
Industrial Wastes Problems Railroads 


46 Cedar Street, New York 5, N. ¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Valuations and Reports 
Chemica and Biological Laboratories 
112 East 19th Street New York 3, N. Y. 


Civil and Sanitary Engineers 
Established 1908 
Water supply, treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports, appraisals, rates 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Airports Municipal Engineering Supervision Kansas City 2, Mo. Cleveland 14, Ohio 
584 E. Broad Street Columbus 15, Ohio P.O. Box 7088 1404 E. 9th St. 
CAMP, DRESSER and McKEE CAPITOL ENGINEERING CORPORATION 


Consulting Engineers 
Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 
Investigations and Re 
Design and Supervision 
Research and Development 
Flood Control 
6 Beacon St. Boston 8, Mass. 


Engineers—Constructors— Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants-Incineration—Gas Systems 

Valuations—Rates-Management 

Laboratory-City Planning 


210 E. Park Way, Pittsburgh 12, Penva. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


OSCAR CORSON 
Consulting Engineer 


Sewage and Industrial Waste Problems 
Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


351 East Ohio St. Chicago 11, Hl. 902 Highland Avenue Ambler, Pa. 
Damon & Foster Your firm should be 
Consulting listed here 
Surveyors 


Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


... the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 


BURGESS & NIPLE 
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FREDERICK H. DECHANT 


ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separations—Bridges—Subways 

Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 
150 North Wacker Drive Chicago 6 
505 Colorado Bidg. Washington 5 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installations 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


ONLY $60 PER YEAR 
is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage works field and will afford 
maximum prestige! 


FAY, & DIKE 
NGINEER 
CHABLES M. W. Horne 
JOHN AYER L. HyYLanp 
Bion A. BOWMAN Frank L. LINCOLN 
CaRROLL A. FARWELL Howagp J. WILLIAM 
Water Supply and Distribution—Drainage 
Sewerage Sewage Treatment—Alirports 


Investigations and Reports Design 
Supervision of Construction Valuations 
Boston New York 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 National Standard Building 
Houston 2, Texas 


CH-1624 


EDWARD A. FULTON 
Censalting Engineers 


Investigations, Reports, Valuations, De- 
sign and Construct ‘on—Water Supply and 
Purification Plants; Sewerage and Sew- 
age Treatment Works; Municipal Pavin 
and Power Developments; ames an 
Flood Control 


3209 Brown Read Saint Louis 14, Missouri 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
NGINEERS 
Water Works—Sewage 
Industrial Waste & 
& 
Flood Control 
Town Planning Appraisals 
Investigations & Reports 
Harrisburg, Pa. New York, N. Y. 
Scranton, Pa. Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York Washington 
Houston EADING, PA. phiiadeiphia 


GLACE AND GLACE 
Consulting Sanitary Engineers 


Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 


Design, eer and Supervision 
of Operation 


1001 N. Front Street Harrisburg, Pa. 


WILLIAM A. GOFF, INC. 


General Engineering and Consulting Services 


Water, Sewerage, Refuse Incineration 
Industrial Buildings, Power Plants 
Airports, Town Planning 
Plans, Supervision, Valuations, Reports 
504 Keystone State Bidg., 
Philadelphia 7, Pa. 


CONSULTING ENGINEERS 


If you specialize in sewage and industrial 
waste treatment works, your professional 
card should be here! 


The rate of $60 per year provides for 
12 monthly insertions. 


Take advantage of the services of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


GREELEY & HANSEN 


Engineers 
Samuel A. Greeley Paul Hansen (1920-1944 
Paul E. v. 
Thomas M. Niles Samuel M. Clarke 


220 8. State Street, Chicago 4 


“HAVENS AND EMERSON 
W. L. Havens Cc. A. Emerson 
A. A. Burger F.C. Tolles' F. W. Jones 
W. L. Leach H. H. Moseley J. W. Avery 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WasTES, VALUATIONS—LABORATORIES 


Leader Bidg. Woolworth Bldg. 
Cleveland 14, O. New York 7, N. Y. 


HAYDEN, HARDING & BUCHANAN 


Consulting Engineers 
Joun L. Joun H. Harpmo 


810 Park Square Bullding, Boston, Mass. 


CHARLES HAYDOCK 


lei, Engi 


Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Management 
Reports and Valuations 


231 Girard Trust Co. Bidg., Phila. 2, Pa. 


HAZEN AND SAWYER 
ENGINEERS 
Ricaarp Hazen Avrrep W. Sawyer 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 

Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N. Y. 


C.W. Durham H.H.Henningson W. A. Richardson 
HENNINGSON ENGINEERING CO. 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, 
Drainage 


Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Leg, ASSOCIATE 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 
241 Sheridan Road 300 Lincoln Building 
Menominee, Michigan Minneapolis 1, Minnesota 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. Horner BE. B. Bioss 
H. SHIFRIN Vv. C. 
Airports — Hydraulic Engineering — 
Sewerage and Sewage Treatment _ 
Water Supply — Municipal Engineering 
— Reports 
Shell Building, St. Louls 8, Missouri 


ROBERT M. JOHNSTON 
AND ASSOCIATES » 

Consulting Chemists — Bacteriologists 

Analyses—Water, Sewage, Industrial Waste 
Research Litigations 


504 N. Second St. Harrisburg, Pa. 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 


Water Works 
& Treatment 
Waste Disposal 


Security Bidg Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 


Since 1906 
Water Supply and Purification, Se and 
Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Desi 
Supervision of Construction an 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Disposal 
Chemical and Biological Laboratory 


604 MISSION BAN FRANCISCO 


It pays to secure competent and experienced engineering advice! 
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Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Oscar J. Campa 
Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 
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MORRIS KNOWLES Inc. 
Engineers 


Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1312 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


10 Gibbs Street Rochester 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Your firm should be 
listed here 
. . the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


METCALF & EDDY 
Engineers 


Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Buliding 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 
G. Gale Dixon, Associate 


Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 
Traffic & Transportation Reports, Highways 
Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 
51 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Malcolm Pirnie, Ernest W. Whitlock, G.G. Werner, Jr. 
Investigations, Reports, Plans 


Supervision of Construction 
and Operations 


Appraisals and Rates 
25 West 43rd Street New York 18, N. Y. 


LEE T. PURCELL 
Cc Iti Engi 


Water Supply & Purification; Sewerage & Sew- 
i ; Industrial Wastes; Investigations 
& Re ; Design; Supervision 
nstruction & Operation 
Analytical Laboratories 


1 Lee Place Paterson, 1, N. 3. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 
Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 


Laboratories for Ch | and Bacteriological 


369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 


eports 
ign—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sani and 
Storm Sewers, ts. 
Airports 


426 Cooper Bidg. Denver 8, Colorado 


Take advantage of the services of 


these outstanding consultants! 
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RUSSELL and AXON 
Consulting Engineers 
Geo. 8. Bussell 
Joe Williamson, Jr. 
Sewerage, Sewage Disposal, Water Sup- 
ly, ater Purification, Power Plants, 
yes praisals, Rate Investigations, Reports, 
Plans, Specifications. 
408 Olive St. Municipal = tg 
St. Louls 2, Mo. Daytona Beach, Fila. 


F. E. Wenger 


SMITH and GILLESPIE 


Consulting Engineers 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainhge—Flood Control 
Blectric Power—Airports 


Hershey Bullding 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 
Water Supply—Sewerage—Waste Disposal 
Mechanical Structural 
Reports Appraisals 
Columbus 15, Ohio 


Surveys 
209 8. High St. 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
Reading, Pa. 


441 North 2nd St. 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply, Water Purification, 
Control 
Wastes 
Stream Pollution Studies 
Supervision, Valuation 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 


Sewage Municipal and In- 

Water Supply, 

Water Water Front Improvements, 

Investigations, Reports, Designs, ision, 
Valuations 


89 Broad Street, Boston, Mase. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 
pective clients will expect to find your card in the Directory of Engineers 
contained in the... 


Official Professional Journal of the Sewage and 
Industrial Wastes Field! 


Municipal Public Works & 
P. O. Box 1048, Jacksonville, Fla. 
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INDEX. TO ADVERTISERS ny 
Page 
Build -Provitience, inc. 
Cast Ime Pipe Research 
Belt Company 
Chapman Valve Manuf 
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Albright & Friel, Ine, Greeley & Hansen 
Alvord, Burdick & Bows: 4 Havens and Emerson 
Baker, Michael, Je; Ine. ieee Hayden, Harding & Buchasan 

Baxter & Woodman Haydock, Chaties 
Bete, W, & B.D, Hazen & Sawyer 
Black & Veatch Heaningson Engineering Co. 
Bogert, Associates. Hitchcock @ Estabrook, Loc. 
Bowe, Albertson & Associates Horses & Shifrin 
Brown and Blauvolt og BL. and Acsociates 
Burgess & Niple 


Bures & McDonnell Knowles, Morris Inc. 
Camp, Dresser and MeKeo Losier, Waa. Company 
Capitol Engineering Mebus, George B. 
Chester Engineers, The iv Meteal : 
Cole, Chas. W.. Son 
Consoet, Townsend & Associates P 

Corson, Oscar Phelps, Boyd Z., Inc 
Damon & Foster 

Dechant, Frederick Puree 
De Laem, & Company Riddick, Thomas M. 
Electro - Proofing Corporation 5 and Howe 
Freese, Nichols and Turner 


Stanley 
Fulton, Edward A. Su ‘ in 
Ceonett, Fleming, Corddry & Carpenter Inc. 
Gilbert Associates, Ine. Westen & Sampson 
Glace and Glace Whitman & Howard 
Gof, William Inc. Whitman, Requard: & Associates 


PATRONIZE OUR ADVERTISERS —whose makes possible the 


pub 
fieation of this journal. When -eriting advertisers be mere to mention 
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AT PROGRAM COMTRRA 
VACUUM OFLORIMNATOR 


TO OPERATE A SEWAGE PLANT, 700 


Moderna equipment, such as a new W&T Visihis 
Vacuum Chiorinator equipped for sautematie 
or prograni control, can facilitate the fob-ef 
cperating almost any sewage plant. 


For example, take s look at some of the jobes 
3 W&T Chicrinater can do -— and do wall. 


@ Disinfect Effluents 

@ Centro] Odors 

® Reduce Hydrogen Suifide 
@ Prevent Sludge Bulking 
@ Reduce B.0.D. 

@ Impreve Sedimentation 
@ Minimize Grease Content 


lorinater will  ensury 
rination with a 


factor all operators appreciate, 


WALLACE & TIERNAN 


COMPANY, tHC. 
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